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ABSTRACT 
 
 A swarm of granitic pegmatites occurs in Mzimba district from northern Kasungu to 
Kafukure near the western international border with Zambia. The granitic pegmatites are 
hosted by a mobile belt, within the Mozambiquan orogenic belt (c. 900 - 1800 Ma). They 
have been dated as 485 Ma. They intruded metasediments of high to medium grade 
metamorphic rocks of a Precambrian Basement Complex. The dominant trend of the 
pegmatites is NW - SE, exhibiting a cross-cutting relationship with the country rocks and 
their contacts with the latter are usually sharp.  
 
The six pegmatites investigated in this study are inhomogeneous, composed of a massive 
quartz core, an intermediate zone composed of a blocky pink K-feldspar rich sub-zone and 
muscovite rich sub-zone and a wall zone composed of quartz - pink K-feldspar - muscovite 
mineral assemblage. The Mzimba pegmatites are classified as lithium-caesium-tantalum 
(LCT) family of rare element granitic pegmatites as described by Černý and Ercit (2005). 
They belong to the beryl-columbite subtype and beryl-columbite-phosphate subtype of the 
rare element pegmatites. It is suggested that the pegmatites are the product of magmatic 
differentiation and that they form roofs of granite plutons lying deep below the current level 
of erosion. 
 
The six pegmatites were sampled and minerals analysed using standard analytical methods 
such as petrographic microscopy, X-ray diffraction (XRD) and X-ray fluorescence (XRF) 
analysis. Mineralogy of the granitic pegmatites indicates that they are predominantly 
composed of perthitic K-feldspar (perthite), Na-plagioclase (albite), quartz and muscovite as 
main mineral phases and accessory minerals including beryl, tantalite-columbite 
(ferrotantalite), iron-titanium oxides (ilmeno-rutile and ilmenite), tourmaline (schorl), garnet 
 iv 
 
 
(almandine-spessartine) and triplite. Triplite is a very rare mineral found in a few pegmatites 
around the world, and this is the first reported account of this mineral in the Mzimba 
pegmatites and probably in Malawi. These minerals are being exploited by artisanal and 
small scale miners.  
 
Trace elements in K-feldspar and muscovite are significant indicators for the evaluation of 
economic potential of pegmatites as well as for the differentiation
 
degree and origin of the 
magma. The K/Rb ratio for K-feldspars ranges between 12.72 and 109.38, while for 
muscovites it is between 16.66 and 82.36 indicating that the pegmatites are moderately 
evolved. The Ta versus Cs and the Ta versus K/Cs discrimination diagram indicates that all 
the investigated pegmatites plot above the 20 ppm threshold suggesting that the pegmatites 
have potential for Ta and Nb mineralization.  
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CHAPTER 1: INTRODUCTION 
1.1.Background information 
1.1.1. Granitic pegmatites as potential mining targets 
 
Boelema and Hira (1998) define a pegmatite as …“an exceptionally coarse-grained (most 
grains 1 cm or more in diameter) igneous rock, with interlocking crystals, usually found as 
irregular dykes, lenses or veins, especially at the margins of batholiths.” Pegmatites are 
attractive prospecting targets as they offer potential for the simultaneous extraction of a 
variety of gemstones, ore and industrial minerals. The presence and abundance of minerals 
containing rare elements that are currently demanded in advanced technological applications 
have increased the interest in pegmatites. However, the irregular distribution and scarcity of 
the minerals, combined with the variable shape and internal structure of the pegmatite bodies, 
complicates the effective evaluation of pegmatite resources (Černý, 1991a; Minnaar and 
Theart, 2006). 
As granitic magma crystallises and fractionates, the melt becomes enriched in rare elements 
such as lithium (Li), barium (Ba), beryllium (Be), caesium (Cs), rubidium (Rb), tantalum 
(Ta), niobium (Nb), manganese (Mn) and fluorine (F), these elements in turn become 
enriched in the pegmatite minerals like feldspars, muscovite and garnet, amongst others 
(Breaks et al., 2003). The concentrations of the rare elements in K-feldspars and muscovite in 
pegmatites provide valuable information about the degree of evolution and mineralisation 
potential of a pegmatite boby (Oyarzabal et al., 2009). Furthermore, discrimination diagrams 
such as K/Rb against Cs, K/Rb against Rb, K/Cs agaist Ta and Ta against Cs amongst, others 
are important exploration tools for evaluating the degree of evolution and economic potential 
of a pegmatite for Ta-Nb oxide mineralization. (Möller and Morteani, 1987) 
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The granitic pegmatites in Mzimba district in the Northern Region of Malawi are the most 
important producers of gemstones, especially aquamarine and ornamental stones in the form 
of rose quartz (Department of Mines [DOM], 2011). Other minerals hosted by the pegmatites 
are emerald, amethyst, tourmaline, garnet, triplite, quartz crystals, as well as industrial 
minerals like feldspar and mica (muscovite) and ores such as tantalite-columbite and Fe-Ti 
oxides. The occurrence of these minerals has led to the development of an artisanal and 
small-scale mining (ASM) industry in the area since the 1960s. 
Artisanal and small-scale miners in the Mzimba area do not carry out thorough evaluation of 
a pegmatite body prior to mining. Prospecting for pegmatite minerals is stimulated when 
gemstone or some indicator mineral is discovered as float in the field. Prospectors often start 
mining, sometimes without valid mining licenses. Mining is conducted by open pit methods 
using simple manual equipment. Artisanal and small-scale mining of the pegmatites is a 
source of income to rural people who use the proceeds for daily livelihood and it has created 
altenative employment. Moreover, it is a source of revenue to government and contributes 
foreign exchange in cases where the minerals are exported. 
 
Mining operations of the pegmatites in Mzimba are sporadic and selective. The mining pits 
are abandoned either after having exhausted the gemstones in the semi-weathered part of the 
pegmatite or the pit has become too deep to continue mining and new pits are opened in other 
places. Illegal mining and smuggling of minerals are some of the legal issues associated with 
the ASM in the area. The mining operations have also created a number of environmental 
problems due to lack of rehabilitation of the mined areas once the pits have been abandoned.  
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1.2. Research problem 
The Mzimba pegmatites have attracted the attention of prospectors since the 1950s. It has 
been documented by various researchers, amongst whom Holt (1965), Garson (1966) and 
Gaskell (1973) that the pegmatites in the Mzimba area are of no economic interest except for 
mica (muscovite) of very little commercial value which is found at a few localities and was 
being exploited commercially in the past. No occurrence of other pegmatite minerals of 
interest such as cassiterite, tantalite-columbite, spodumene, tourmaline and beryl were 
reported. There is an absence of a systematic study of the pegmatites in terms of their 
geology, mineralogy and geochemistry which can aid in the exploration and assessment of 
the mineralization potential of the pegmatites. The mineralogy and geochemical data 
presented in this study is the first of such data for the pegmatites. Furthermore the socio-
economic and environmental issues related to the exploitation of the pegmatites have not 
been systematically documented. 
Geochemical attributes of pegmatite minerals are essential in the evaluation of the evolution 
of pegmatite and the mineralization potential of a pegmatite body. In particular the 
concentration of trace elements such as Rb, Cs, Nb, Ta, Ga, Ba and Pb amongst others in K-
feldspars and muscovite are useful in the study of the degree of evolution and, furthermore, in 
determining the economic potential of a pegmatite. 
1.3. Rationale of the study 
 
The granitic pegmatites of Mzimba district are the largest producers of gemstones, especially 
aquamarine and ornamental stones (rose quartz), in Malawi. Despite this fact there is a lack 
of up to date information such as geology, mineralogy, geochemistry and mineralization 
potential which can guide exploration and exploitation of the pegmatites. Furthermore, the 
need to document the socio-economic significance and environmental issues resulting from 
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the exploitation of the pegmatites is a matter for urgent action. This work is designed to 
provide the information gap that exists. 
1.4. Specific objectives of the research  
  
The objectives of the study were to: 
1. Obtain detailed information about the nature of occurrence of the granitic pegmatites 
in terms of their geology, mineralogy and geochemistry. 
2. Demonstrate a scientific method of evaluating mineralisation potential of the Mzimba 
pegmatites using trace element concentrations in K-feldspars and muscovite as 
determined with XRF. 
3. Highlight the socio-economic aspects of the artisanal and small-scale mining of the 
pegmatites in the area. 
4. Identify environmental and legal issues caused by small scale mining and their 
magnitude and recommend possible ways of sustainably exploiting the pegmatite 
resources. 
1.5 Delineations and limitations 
 
A small number of samples taken from the intermediate zones of the pegmatites were 
analysed (31 were analysed with XRF, 10 with XRD and 7 thin sections) due to limited 
financial resourceThus, there is no geochemical data for the other zones of the pegmatites. 
Evaluation of the degree of evolution and mineralisation potential is based on concentrations 
of elements such as K, Rb, Cs, Nb, Ta, Ga Zn and Pb in K-feldspars and muscovite 
determined with XRF. 
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1.6 Significance of the study 
 
The Mzimba pegmatite belt represents an important area that contains granitic pegmtites in 
Malawi. This study constitutes an initial step in providing detailed geological, mineralogical 
and geochemical data for the pegmatites. The study will stimulate further academic research 
work and systematic mineral exploration for various pegmatite resources such as metallic 
minerals of tantalum, niobium, caesium, rubidium and industrial minerals products such as 
petallite, spodumene, lepidolite, feldspar, mica and gemstones and collectors mineral 
specimens. 
1.7. Structure of the dissertation 
 
The study is organised in seven chapters. Chapter 1 introduces the research project and 
describes the relevant aspects of the study area; Chapter 2 is a literature review; Chapter 3 
discusses the methodology and materials used in the study; Chapter 4 presents the results of 
the study including a description of the granitic pegmatites, the mineralogy, petrography 
geochemistry of the pegmatite minerals and an evaluation of mineralisation potential is also 
provided in this section; Chapter 5 discusses the socio-economic significance of the granitic 
pegmatites with reference to artisanal and small-scale mining of the pegmatite resources. 
Chapter 6 provides a discussion of the results and Chapter 7 outlines the conclusions and 
recommendations. A list of references used in the study as well as appendices, are included at 
the end of the dissertation. 
1.8 Location of the study area 
 
The Republic of Malawi is situated in east-central Africa between longitudes 32
o
 40’ E and 
35
o 55’ E and latitudes 9o 22’ S and 17o 08’S. The country is landlocked, being surrounded by 
Zambia to the northwest, Tanzania to the north and northeast and Mozambique to the east, 
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south and southwest (Figure 1.1). It covers an area of 118,484 square kilometres of which 
94,276 square kilometres are land (Dill, 2007).  
 
The study area is located in the Northern Region of Malawi (Figure 1.1). The swarm of 
pegmatites in Mzimba district occurs from latitude 33
o 
E to 34
o
 E and longitude 11
o 45’ S to 
12
o30’S and it extends westwards beyond the Malawi - Zambia international border into the 
Lundazi District of Zambia (Figure 1.2). 81 pegmatite occurrences of various sizes have been 
mapped in the area. Six pegmatites were investigated in this study viz. Mperekezi, 
Mbuliwiza, Majiyasawa, Chitapamoyo, Thoza and Mtende pegmatites (Figure 1.2). Some of 
the pegmatites occur on farmland under the customary land holding system, while others are 
in protected forest reserves, notably Mperekezi Forest Reserve. The choice of pegmatites that 
were investigated was based on easiness of accessibility and presence of active mining. The 
area is covered with thick superficial deposits therefore the pegmatites do not usually form 
outcrops. This poses a challenge towards systematic mapping of the pegmatite bodies, 
however a section of the pegmatite may be well exposed in the walls of a mine pit where it 
can be mapped and from where samples were collected.  
1.9. General Geology 
1.9.1. Geological Setting of Malawi 
 
The geological setting of Malawi is within part of the Precambrian Mozambique Mobile Belt, 
which is overlain by Permo-Triassic sediments, cut by Mesozoic igneous intrusions, and 
disrupted by Cenozoic rift faulting which led to the formation of the Malawi Rift Valley 
(southwestern arm of the East African Rift Valley) (MoEM, 2009 b). Malawi lies at a triple 
junction of three orogenic belts namely, the Ubendian, the Irumide and the Pan African or 
Mozambiquean orogenic belts (Figure 1.3). The Ubendian and Irumide orogenies were 
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restricted to the north and central parts of the country (Ministry of Energy and Mines 
[MoEM], 2009b).  
 
 
Figure 1.1: Map of Malawi, showing the location of the study area, Mzimba district. 
 
Study area 
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Figure 1.2: Map of study area in the Mzimba district of Malawi 
 
The Ubendian orogeny is dated at 2300-1800 Ma and represents the extension into Malawi of 
the Ubendian belt of south-western Tanzania (Figure 1.3). According to Carter and Bennett 
Study area 
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(1973), the orogeny comprises four episodes of mainly plastic deformation and associated 
medium to high grade metamorphism. The orogeny produced the dominant NW-SE structural 
trends and was accompanied by granite intrusions. The Ubendian Supergroup is distinguished 
to the north of the Chimaliro dislocation zone on the southern edge of the Champira dome 
and comprises the Misuku gneisses and Jembia River granulites (Figure 1.4) (MoEM, 
2009b). 
 
The Irumide orogenic belt (c.1350-950 Ma) is well developed in Zambia. In Malawi it is 
locally distinguished as a NE-SW trending belt. The orogeny is characterised by brittle 
deformation, accompanied by low grade metamorphism under greenschist, and locally 
amphibolite facies conditions. It involved the deformation and metamorphism of the Mafingi 
Group and reworking of the pre-Mafingi basement and gave rise to post-Mafingi cataclastic 
rocks and phyllonites (Carter and Bennett, 1973). 
 
The Neoproterozoic Mozambiquean orogeny is dated around 900-450 Ma. It affected the 
entire basement, overprinting on earlier episodes producing N-S trending structures. Age data 
point to three events: (1) Kibaran-age intrusion of calc-alkaline granitoids (1040–929 Ma), 
(2) Pan-African-age intrusion of calc-alkaline granitoids (710–555 Ma), (3) Pan-African high 
grade metamorphism (571–549 Ma) (Dill, 2007). In the southern half of Malawi, Pan African 
magmatism and high grade metamorphism resulted in large areas of banded pyroxene 
granulites, charnockitic orthogneisses, perthitic complexes and minor basic and ultrabasic 
intrusions (Dill, 2007; MoEM, 2009 b). The high grade gneiss assemblage of central and 
southern Malawi are part of the Neoproterozoic Mozambique belt and reached peak 
metamorphic conditions at 900 ± 70 °C and 9.5 ± 1.5 kbar (Dill, 2007). The Mzimba 
pegmatites may have intruded into the basement complex during this period. 
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Figure 1.3: Generalised map of major orogenic structural units of Southern Africa, 
showing the tectonic setting of Malawi (modified after Stagg, 1977) 
1.9.2. Lithology and Stratigraphy 
 
The geology of Malawi is broadly grouped into five main lithological units: the Basement 
Complex (Precambrian); the Karoo Supergroup (Permian to early Jurassic); the Chilwa 
Alkaline Complex (Jurassic to early Cretaceous); Upper Jurassic to Cretaceous and Tertiary 
to Quaternary sedimentary deposits (Figure 1.4) (MoEM, 2009 a,b,c &d). Much of Malawi's 
igneous activity was characterised by rocks with alkaline affinities, thus producing an 
unusual chemical suite of igneous and metamorphic mineral assemblages (Dill, 2007). The 
Mzimba pegmatites are hosted by rocks of the Basement Complex. 
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Figure 1.4: Generalised geological map of Malawi. Modified after Carter and Bennett, 
(1973) 
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1.9.3. Regional Geology of Mzimba District 
 
Geologically, the Mzimba District lies within the Malawi province of the Mozambique 
Orogenic Belt (Gaskell, 1973). The effects of the Ubendian and Irumide Orogenies are 
apparent, the Ubendian having extended in the south-easterly direction from Tanzania and the 
Irumide in an easterly to north-easterly direction from Zambia (Gaskell, 1973). Mzimba is 
mainly underlain by gneisses, granulites, schists, quartzites, phyllonites and other cataclasites 
(Figure 1.5). These lithologies, together with some minor intrusives, make up the Basement 
Complex (Holt, 1965; Gaskell, 1973). 
 
According to Holt (1965) the general strike of the Basement Complex in the area is NE to 
SW and local dips may deviate at any angle from this line of strike, particularly in the more 
massive members. The regional metamorphic grade shows a general increase from north to 
south. This regional gradation is not very marked within the limits of the area in which the 
granitic pegmatites occur but is locally affected by structures and the contact and 
metasomatic effects of igneous intrusions. The gradation is well observed north of 
Ekwendeni where gneisses give way to phyllites, slates, and quartzofeldspathic schists. He 
also made the observation that the drop in metamorphic grade occurs outside the pegmatite 
belt but coincides with the northern limit of the occurrence of the granitic pegmatites. 
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Figure 1.5: Geological map of the study area in Mzimba District. Digitised from GSD No. 37 (1973) and GSD No. 36 (1975)
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The Mzimba plain has many hills consisting of massive igneous intrusions standing out as 
residual masses from surrounding gneisses which underwent preferential erosion. They are 
generally granitic to granodioritic or syenitic consisting of oligoclase, quartz, biotite with a 
few containing microcline as the prominent feldspar. Evidence of the relationships of the 
intrusions with one another and their relationship with the surrounding gneisses is 
unfortunately rather scanty as contacts are generally not well exposed (Holt, 1965). The 
relationship of these intrusions with the studied granitic pegmatites has not been established. 
1.9.4. Structure and Metamophism 
 
Gaskell (1973) postulated that fold styles and fabrics at all scales within the rocks indicate 
that the area has undergone successive episodes of metamorphism which are grouped into 
two distinct events separated by a period of prolonged erosion, followed by deposition of 
quartzitic sediments (Table 1.1). The first event comprised four episodes (F1 to F4) of plastic 
deformation of gneisses under conditions of amphibolite and possibly granulite facies 
metamorphism, the corresponding fabrics being known as S1 to S4. The Ubendian Orogeny 
(2100 to 1950 Ma) probably belongs to the later part of this event (Gaskell, 1973). 
 
The second event is characterised by four episodes (FI to FIV) of brittle deformation, 
accompanied by greenschist facies metamorphism, producing fabrics referred to as SI to SIV. 
Both gneisses and quartzites were affected by it with the extensive development of 
phyllonites and cataclasites of various types. The earliest and most intense deformation (FI) 
of this event took place mainly along axial planes of northerly trend and is possibly 
associated with the Irumide Orogeny (1300 to 1100 Ma). Later episodes which probably 
represent the Mozambique Orogeny (700 to 400 Ma) are characterised by easterly and 
northerly trends. Structural trends show marked discontinuity across a line of northerly 
 15 
 
 
orientation situated about 20 km east of Mzimba. Although later affected by rift faulting, this 
line was evidently the locus of intense shearing during the FIV episode (Gaskell, 1973). 
 
According to Gaskell (1973) the Mzimba granitic pegmatites intruded into the western part of 
the Mzimba area during or after the FIII episode as they are not affected by the earlier 
episodes (Table 1.1). The area has been affected by several major and numerous minor faults 
associated with the development of the Lake Malawi Rift Valley. According to Gaskell 
(1973), several of these faults, namely the Kasitu, the Mtangatanga, and Kafurufuru, 
reopened older lines of weakness established during the deformation of the Basement 
Complex.  
1.9.5. Geological setting of the granitic pegmatites of the Mzimba District 
 
The Mzimba pegmatite belt extends from northen Kasungu through Chikangawa to Kafukure 
on the western border with Zambia. On the Zambian side of the border (Lundazi District) the 
belt is known as the Lundazi pegmatite belt (Figure 1.5). Geographically the area lies in the 
Malawi province of the Mozambique Orogenic Belt.According to Holt (1965), Peters (1975) 
and MoEM (2009 b) the Lundazi and Mzimba pegmatite belts are of the same petrogenesis. 
The pegmatite belts are hosted by a linear intracratonic basin of Kibaran age (1355Ma), an 
Irumide mobile belt of Zambia, which extends into the western part of the Mzimba area 
(MoEM, 2009 b).One un-deformed pegmatite near Lundazi was dated at 485 Ma and they are 
broadly synchoronous with the late Pan-African Sinda Batholith (489 Ma) (Laurs et al, 
2007). The granitic pegmatites intrude metasediments of high to medium grade metamorphic 
terranes of the Basement Complex. Metamorphic rocks are generally basic and felsic 
granulites, gneisses, sillimanite schists and amphibolites in a Proterozoic belt (Figure 1.5). 
Other igneous rocks include gabbros, charnockites, granites and syenites. Some of these 
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igneous rocks have undergone folding and foliation concordant with the metamorphic host 
rocks (Gaskell, 1975). 
1.10. Exploration history of the Mzimba granitic pegmatites 
 
Holt (1965) reported that since 1910, the pegmatites in the Mzimba area have attracted the 
attention of prospectors and a few have been investigated in detail and mined systematically. 
The earliest geological reconnaissance of the area was carried out by Andrew and Bailey 
(1910) who noted the occurrence of mica pegmatites in the Kasitu valley. He also reported on 
mica being exploited at a number of localities in the Kasitu valley between Ekwendeni and 
Mzimba, Mazozo being the most favourable and some mica was being exported to 
Tanzanian. Reeve (1939-1940) prospected the western part of the area for mica and compiled 
the first geological map and reported the occurrence of tourmaline as an accessory mineral of 
some granitic pegmatites in the west of the area near Euthini. 
 
Detailed investigation of the pegmatites was carried out by Holt (1965). He delineated most 
of the pegmatite bodies and recommended some possible pitting and trenching of five sites in 
order to encourage the establishment of a mica mining industry (Appendix A1). Garson 
(1966) followed up on the investigations by mapping, trenching and sampling of five major 
pegmatites namely the Mperekezi, Mphungu, Mayuwi, Kanyenyezi and Kafungute 
pegmatites. His work focused on finding pegmatites with commercial grade mica (Appendix 
A2). The samples collected were evaluated by F.F. Chrestien and Co. Ltd. The results 
indicated that only the Mperekezi, Kafungute and Mayuwi pegmatites had sufficient 
commercial grade mica and no other pegmatite mineral of interest such as cassiterite, 
columbite, tantalite, microcline and beryl were found. Radioactivity twice and three times 
background levels were recorded at the Mperekezi and Kafungute pegmatites, respectively, 
but no radioactive minerals was noted (Holt, 1965). 
 17 
 
 
Gaskell (1973) carried out regional mapping of the Mzimba area. He delineated most of the 
granitic pegmatite bodies and produced the first detailed 1:100,000 quarter degree geological 
map for Mzimba. Peters (1975) mapped the area south of Mzimba and mapped the pegmatite 
bodies found in the extreme south of the study area. Gwosdz and Mshali (1996) investigated 
the pegmatites with focus on K-feldspar resources for the production of slow release 
potassium fertilizers. The work focused on the five pegmatites that were investigated by 
Garson in 1966. 
 
The first systematic exploitation of the Mzimba pegmatites was at Mazozo mine, where it 
was being mined for commercial grade mica by Sutherland in 1943, Welmans in 1949 and 
Anderson between 1958 and 1960. Anderson was the most successful and enterprising mica 
miner to have operated in Mzimba (Holt, 1965). From the 1970s to date, the granite 
pegmatites of Mzimba have been exploited by artisanal and small-scale miners. The miners 
are working the pegmatites for beryl (mainly aquamarine), rose quartz, tourmaline, amethyst, 
emeralds and tantalite-columbite. Mica and feldspar are just dumped as mine waste. 
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Table 1.1: Structural and metamorphic sequence in the Basement Complex of the Mzimba area (Source: Gaskell, 1973) 
 
Event S-Plane Deformation Metamorphism Remark 
Second event  
(the 
Mozambique 
and probably 
Irumide 
Orogenies)  
 
Episodes of 
predominantly 
brittle 
deformation 
 
SIV 
 
FIV 
 
MIV  Greenschist 
facies 
 
Shearing and dislocation cataclastic fabric (SIV) 
SIII FIII MIII  Greenschist 
facies 
Kink-bands (SIII) disrupt SII foliation. Occasional recrystallisation of sericite. 
Staurolite overprints kink-bands, probably related to minor granite emplacement 
and pegmatite emplacement. 
SII FII MII  Greenschist facies 
(locally almandine- 
amphibolite) 
Early intrusion of Chikangawa nepheline syenite. Open folding of phyllonite 
zones. Conjugate folds of SI, occasional shear folds with new axial plane fabric  
(SII) 
SI FI MI Greenschist facies Phyllonite fabric (SI) axial planar to FI folds. Augen gneisses. Linear 
confinement of phyllonitisation. 
Prolonged erosion followed by deposition of psammitic sediments (Mafingi group equivalents ?) 
 
First event  
Includes 
Ubendian 
Orogeny 
 
Episodes of  
predominantly 
plastic 
deformation 
S4 F1 M4 Amphibolite facies Open folding, occasionally conjugate. 
Generation of quartzo-feldspathic material. 
S3 F2 M3 Amphibolite facies F3 folds of S2 with variable fold style. New sillimanite in S3. Occasional 
cataclastic fabrics. 
S2 F3 M2 Amphibolite to 
granulite facies 
F3 folds of S1 with major banding and foliation (S2) parallel to axial planes. 
Sillimanite-cordierite-garnet association. 
Granite intrusion or anatexis? 
S1 F4 M1 Ampibolite facies Mineral banding and biotite foliation (S2) preserved in occasional exposures 
only. Intrusion of enderbitic rocks. 
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CHAPTER2:  LITERATURE REVIEW 
 
2.1. Introduction 
 
According to Boelema and Hira (1998), granitic pegmatites represent the final water-rich, 
siliceous melts of intermediate to acid magmas and are thought to be final residual melts rich 
in silica, alumina, water, halogens, alkalis, and lithophile elements not readily accommodated 
in common igneous minerals. The mineralogical composition of pegmatites is basically that 
of granite i.e. quartz, feldspar and mica (Simmons and Webber, 2008). Geothermometric 
studies indicate that pegmatites form over a wide range of temperatures, the consensus being 
that most pegmatites are formed at the upper end of the range between 262 
o
C and 720 
o
C 
(Evans, 1993). Crystallisation of granitic pegmatite is from the margin towards the interior 
and grain size ofprimary crystals of the major minerals increases sharply from the margins of 
the pegmatite dyke to the centre. Pegmatites may occur singly or in swarms forming 
pegmatite field, and these, in turn, form pegmatite belts and pegmatite provinces at a wider 
scale (Černý, 1991b). Pegmatites are host to a variety of gemstones, industrial minerals and 
ore mineral deposits exploited for use in the ornamental, glass, ceramics and electronics 
industries.  
 
Pegmatites are widely distributed in the Earth’s crust and are found on all continents. They 
are most abundant in mountain chains and on stable shield areas (e.g. the Canadian Shield). 
They are typically associated with large granite bodies, often distributed along their margins, 
but are also found within the granite bodies (Gilbert and Park, 1986). Granitic pegmatites 
have been formed in all tectono-magmatic cycles of geological history. The first important 
and extensive pegmatite formation period, however, was the Kenoran age (2800-2600 Ma) 
which saw the formation of rare-element pegmatites of the Superior and Slave Provinces of 
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Canada, the Zimbabwean, Kaapvaal, and Tanzanian cratons, and many parts of the Western 
Australia craton. This period was succeeded by the formation of rare-element pegmatites in 
various stages of geological history with the Alpine Orogeny (85-20 Ma) pegmatite field 
being the youngest (Černý, 1991b).  
2.2. Classification of granitic pegmatites 
 
Cameron et al. (1949) proposed a simple classification system based on internal zoning and 
replacement phenomena. This system is presented in detail by Boelema and Hira (1998). 
Four classes of pegmatites are recognized in this scheme. These are: homogeneous 
pegmatites, inhomogeneous pegmatites, replacement bodies and fracture fillings. 
 
Modern pegmatite classification schemes are strongly influenced by the depth-zone 
classification of granitic rocks developed by the Buddington (1959) and Ginsburg et al. 
(1979). Ginsburg et al. (1979), in Boelema and Hira (1998), classified pegmatites according 
to their depth of formation, mineralization, relationship to igneous processes and 
metamorphic environment. This classification scheme identifies four classes of granitic 
pegmatite. These are; 1) Miarolitic pegmatites formed at shallow depth between 1.5 and 3.5 
km; 2) Rare-element pegmatites formed at intermediate depth between 3.5 and 7 km; 3) Mica 
bearing pegmatites formed at greater depth between 7 and 11 km. and 4) Abyssal pegmatites 
formed at depth of more than 11 km. 
 
According to Simmons (2008), Černý’s (1991) classification scheme of pegmatites is widely 
accepted and is in general use today (Table 2.1). It was broadened and improved on the 
earlier work by Ginsburg et al. (1979) and Černý (1991). The scheme categorizes pegmatites 
into four primary classes based on the depth of emplacement, metamorphic grade of the 
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igneous bodies and minor element content of the pegmatite. These classes are Abyssal, 
Muscovite, Rare-Element, and Miarolitic (Simmons, 2008). Černy and Ercit (2005) proposed 
a new classification scheme, this scheme combines the Černy (1991) and Ercit (2004) 
classifications schemes and introduces a new petrogenetic family classification scheme.The 
Rare-Element class is subdivided based on petrogenesis, developed for pegmatites derived by 
igneous differentiation from plutonic parents and elemental abundances. Three pegmatite 
families are distinguished (Table 2.2): (1) An NYF family (for niobium, yttrium, and 
fluorine) having progressive enrichment of Nb, Y and F (besides Be, REE, Sc, Ti, Zr, Th and 
U), fractionated from subaluminous to metaluminous A- and I-granites that are generated by 
a variety of processes involving depleted crust and/or mantle contribution. (2) A 
peraluminous LCT family (for lithium, cesium, and tantalum) distinguished by prominent 
accumulation of Li, Cs and Ta (besides Rb, Be, Sn, B, P and F) derived mainly from S-type 
granites, less commonly from I- type granites, and (3) A mixed NYF + LCT family of diverse 
origins (e.g. NYF plutons contaminated by digestion of undepleted supracrustals). Because of 
the fundamental requirements of plutonic parentage, the scheme is currently applicable only 
to pegmatites of the rare element and miarolitic classes (Černý and Ercit, 2005; Simmons, 
2007).   
2.3. Genesis of granitic pegmatites 
 
Two hypotheses describe pegmatites either as products of extended fractional crystallisation 
of granitic magmas or as products of partial melting (anatexis) of rocks. (London, 2005; 
Martin and De Vito, 2005). 
2.3.1. Granitic pegmatites formed by fractional crystallisation 
 
According to Simmons and Webber (2008) there is no universally accepted model of 
pegmatite genesis that satisfactorily explains all the diverse aspects of granitic pegmatites.  
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Table 2.1: Four classes of granitic pegmatites by Černý and Ercit (2005). 
FOUR CLASSES OF GRANITIC PEGMATITES BY ČERNÝ, 1991 
C
la
ss
 
Family Typical minor 
elements 
Metamorphic 
environment 
Relationship 
to granite 
Structural 
features 
Example 
A
b
y
ss
a
l 
 U, Th, Zr, Nb, Ti, 
Y, REE,Mo 
 
Poor ( to 
moderate 
mineralization) 
Upper 
amphibolite to  
low to high 
pressure granulite 
facies. 
 
 ~4 to 9 kb, ~700. 
to 800
°
C. 
None 
(Segregation of 
anatectic 
leucosome.  
Conformable 
to mobilised 
cross-cutting 
veins. 
Rae and Harne 
Provinces, Sask. 
(Tembly, 1978, 
Aldan and Anabar 
Shield, Siberia 
(Bushev and 
Koplus, 1980); 
Eastern Baltic 
Shield (Kalia, 
1965) 
M
u
sc
o
v
it
e 
 Li, Be, Y, REE, 
Ti, U, Th,Nb>Ta 
 
Poor ( to 
moderate 
mineralization, 
mica and ceramic 
minerals.  
High pressure, 
Barrovian 
amphibolites 
facies (kyanite-
Sillimanite) 
 
 ~5 to 8 kb, 
 ~650 to 580
°
C. 
None (anatectic 
bodies) to 
marginal and 
exterior 
Quasi 
conformable 
to cross 
cutting. 
White Sea region , 
USSR (Gorlov, 
1975);Appalachian 
Province (Jahns et 
al., 
1952);Rajahstan, 
India (Shmakin, 
1976) 
R
a
re
 e
le
m
en
t 
LCT Li, Rb, Cs, Be, 
Ga, Nb,<,> Ta, 
Sn, Hf, B, P, F 
 
Poor to abundant 
mineralisation, 
gemstock 
industrial 
minerals. 
Low pressure, 
Abukuma to 
upper greenschist 
facies (andalusite-
sillimanite) 
 
~5 to 8 kb 
~650 to 500°C. 
 
(interior to 
marginal) to 
exterior. 
Quasi 
conformable 
to cross-
cutting. 
Yellowknife field, 
NWT (Mentzer, 
1987; Black Hills, 
South Dakota 
(Shearer et al, 
1987); Cat Lake-
Winnipeg River 
field, Manitoba 
(Černý et al., 1981) 
NYF Y,REE,Ti,U,Th, 
Zr, Nb>Ta, F 
 
Poor to abundant 
mineralisation, 
ceramic minerals. 
variable Interior to 
marginal. 
Interior pods, 
conformable 
to cross-
cutting 
exterior 
bodies. 
Llano Co., Texas 
(Landes, 1932); 
South Platte 
district, Colorado 
(Simmons et al., 
1987); Western 
Keivy, Kola, USSR 
(Beus, 1960) 
M
ia
ro
li
ti
c 
NYF Be,Y,REE,Ti,U, 
Th,Zr,Nb>Ta,F 
 
Poor 
mineralization, 
gemstock. 
Shallow to sub-
volcanic, 
~1.2kb 
Interior to 
marginal. 
Interior pods 
and cross-
cutting dikes. 
Pikes Peak, 
Colorado 
(Foord,1982); 
Sawtooth batholith, 
Idaho (Boggs, 
1986); Korosten 
pluton, Ukraine 
(Lazarenko et al., 
1973) 
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Table 2.2: The family system of petrogenetic classification of granitic pegmatites of 
plutonic derivation by Černý and Ercit (2005). 
 
Family Pegmatite 
subclass 
Geochemical 
signature 
Pegmatite 
bulk 
composition 
Associated 
granite 
Granite bulk 
composition 
Source 
lithologies 
LCT REL-Li 
MI-Li 
Li, Rb,Cs,Be, 
Sn, 
Ga, Ta>Nb, 
(B,P,F) 
Peraluminous 
to 
subaluminous 
Synorogenic 
to late-
orogenic (to 
anorogenic); 
largely 
heterogeneous 
Peraluminous, 
S, I or mixed 
S+I types 
Undepleted 
upper to 
middle-crust 
supracrustals 
and 
basement 
gneisses 
NYF REL-REE 
MI-REE 
Nb>Ta, Ti, 
Y, Sc, 
REE,Zr,U, 
Th,F 
Subaluminous 
to 
metaluminous 
(to 
subalkaline) 
Syn-, late, 
post-to 
mainly 
anorogenic; 
quasi-
homogeneous 
Peraluminous 
to 
subaluminous 
and 
metaluminous; 
A and I types 
Depleted 
middle to 
lower crustal 
granulite, or 
juvenile 
granitoids 
Mixed  Cross-
bred: LCT 
and NYF 
Mixed Metaluminous 
to moderately 
peraluminous 
Postorogenic 
to anorogenic; 
heterogeneous 
Subaluminous 
to slightly 
peraluminous 
Mixed 
protoliths or 
assimilation 
of 
supracrustals 
by NYF 
granites 
 
However, genesis from residual melts derived from the crystallisation of granitic plutons is 
favoured by most researchers. All models proposed for generating rare element pegmatites by 
differentiation of fertile granites suggest concentration of volatiles and rare elements in pools 
of residual melts during consolidation of granitic plutons. Pegmatites are formed from the 
residual magma intruding into solidified parts of the parent granite and into the surrounding 
host rocks. 
Černý (1991b) supported the concept of (rare earth-element) pegmatites as being igneous 
derivatives of fertile granitic intrusions and products of advanced fractionation of pluton-size 
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batches of granitic magmas. According to him, the concept is supported by: The physical 
links observed between mineralised pegmatites and their plutonic parents; The continuous 
textural, mineralogical and geochemical evolution from the parent granites to associated 
pegmatites; Late crystallizing pegmatite pods trapped within parent granites are locally exact 
duplicates of exterior pegmatites in metamorphic roofs of these granites; Bulk compositions 
of rare element pegmatites corresponding to the experimental minima in granitic systems 
modified by accumulation of Li, B, F and P; Other granitic lithophile elements and 
temperatures of crystallisation determined for rare element pegmatites correspond to such 
modified experimental minima. 
According to Martin and De Vito (2005), evolved felsic magmas issued from a plutonic mass 
undergoing fractional crystallisation are found in two distinct tectonic settings. The first is 
associated with crustal shortening, subduction and collision (orogenic magmas) while the 
second is associated with crustal attenuation and rifting (anorogenic magmas). 
2.3.2. Granitic pegmatites formed by anatexis 
 
Simmons and Webber (2008) proposed that low-degree partial melts produced around 
plutons in orogenic environments could form pegmatitic melts. Metasedimentary rocks 
containing evaporite sequences may provide a source of fluxing components such as boron, 
lithium and other incompatible elements. In collisional tectonic environments a sedimentary 
sequence (which may include volcanics) contains fluxing components and incompatible 
elements that ultimately end up in a granitic melt (pluton) which can fractionally crystallise to 
form a pegmatitic melt, the same fluxing components and incompatible elements can be 
preferentially partitioned into a low-degree partial melt that can directly form a pegmatite. 
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Evidence in support of the anatexis concept is presented in London (2005) and is outlined as 
follows: 1) The difficulty of relating highly evolved magma compositions to the 
comparatively primitive chemistry of the likely plutonic sources; 2) The tendency for the 
compositions of some pegmatite groups to mirror compositions of their host rocks with 
respect to major elements and, 3) The common isolation of thin pegmatite dykes from any 
known plutonic source. 
A number of researchers including Nebelek et al. (2009), Simmons and Wabber (2005), 
Martin and De Vito (2005), amongst, others have presented classic cases of granitic 
pegmatites of anatectic origin. Anatectic pegmatites may arise from both crustal and mantle 
rocks. Thus coalescence of many batches of anatectic melt can ultimately give a pluton-size 
mass of magma. .  
2.4. Textures and internal consolidation of granitic pegmatites 
 
According to Nebelek et al. (2009), there has been a shift in viewing granitic pegmatites as 
products of very slow cooling of granite melts to viewing them as products of rapid crystal 
growth in undercooled liquids. 
 
According to London (2009) the textures that are observed in most granitic pegmatite bodies 
can be categorised by: 1) Grain size, from crystals that are fine-grained (millimetre scale) to 
those that are very coarse-grained (centimetre to a metre scale). 2) Crystal habits and rock 
fabrics, from crystals that are elongate in a preferred direction of growth to those that are 
nearly equant and randomly oriented. In most pegmatites, these two textural distinctions are 
highly correlated and organized. The outer zones of pegmatites exhibit fine-grained and 
anisotropic fabrics with unidirectional inward growth of crystals, granitic border zones, 
massive and layered aplites, skeletal crystals and graphic textures. Interior zones possess a 
 26 
 
 
coarse-grained to giant, blocky texture, wherein crystalline intergrowths to segregated 
crystals with less anisotropy in their fabric occur (ibid). 
 
A number of researchers, amongst whom Simmons and Webber (2008), London (2009), 
Nabelek et al. (2009) and Thomas et al, (2012) agree that pegmatitic texture is a consequence 
of delayed nucleation and rapid growth with drastic undercooling, both of which are 
facilitated by a high concentration of fluxes also known as melt structure modifiers such as 
H2O, Li, B, F and P in granite pegmatite melts. Recent melt inclusion research has increased 
the number of potential flux components, which may include OH−, CO2, HCO3−, CO3
2−
, 
SO4
2−
, PO4
3−
, H3BO3, and Cl, as well as the elements Na, K, Rb, Cs, and Be (Thomas et al., 
2012). Strong undercooling is responsible for the textural characteristic of many pegmatites. 
More elongate crystal forms (needle-like, skeletal, branching, wedge-shaped) are favoured by 
rapid rates of cooling, larger degrees of undercooling, higher growth rates and fewer 
nucleation sites, whereas tabular to equant forms are favoured by slower cooling rates, 
smaller degrees of undercooling, lower growth rates, and abundant nucleation sites (Simmons 
and Webber, 2008). Transitions from aplite border zones to pegmatite zones that occur in 
some pegmatite sheets represent transitions from zones of high nucleation density and rapid 
growth to zones of low nucleation density and even more rapid crystal growth (Nabelek et 
al., 2009). 
 
Modelling of the cooling histories of some evolved pegmatite bodies indicates that 
pegmatites solidify quickly. London (2005) suggests solidification duration of pegmatites at 
various localities to be in the range of 1 week to 5 months for pegmatites with a thickness 
between 30 cm and 20m. In these investigations, the temperature of the host rocks is usually 
set at approximately 150
o
C–350 oC based on the depth of emplacement, estimated geotherms, 
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fluid inclusion analysis, and retrograde mineral assemblages in pegmatite host rocks. London 
(2005), on experimental evidence reports two important observations regarding the 
crystallisation of hydrous silicic melts at geologically relevant pressures: (1) there is a lag 
time, also referred to as the nucleation delay or incubation time, between cooling and the 
onset of visible crystallisation, which is measurable in days to months. The lag time between 
cooling and the initiation of crystallisation produces a supersaturated melt and (2) as the 
magnitude of liquidus undercooling increases, crystal habits progressively evolve from 
euhedral to skeletal to radial spherulitic.  
 
According to London (2005),Martin and De Vito, (2009), Nebalek et al. (2009), and Thomas 
et al. (2012), fluxing and volatile components play a key role in lowering the liquidus 
temperatures of pegmatite forming melts. The fluxes are responsible for decreasing the 
melting and crystallisation temperatures, nucleation rates, melt polymerization and viscosity. 
Furthermore, they increase diffusion rates and enhance miscibility among otherwise less 
soluble constituents. Fluxes are also considered to be critical to the development of large 
crystals and pegmatitic textures.Water is a key component of pegmatite petrogenesis because 
it controls rapid supraliquidus emplacement and r promote rapid growth of large crystals 
because it drastically diminishes the rate of nucleation so that the few nuclei that eventually 
grow into large crystals do not form until the melt is highly undercooled. 
 
Simmons and Webber (2005) indicated that most pegmatites appear to form from a single 
intrusive magmatic event, but undergo a complex internal crystallisation history that can 
result in a wide range of grain sizes, consistent changes in mineral chemistry from wall zone 
to cores, increasing concentrations of fluxes, volatiles and rare elements and, in rare 
instances, the formation of pockets containing gem-quality crystals. Additionally, pegmatites 
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appear to have crystallised from their margins toward their interiors, based on a variety of 
observations including geothermometry studies and comb-structure texture with wedge-
shaped crystals oriented perpendicular to pegmatite margins. The internal zoning sequence in 
inhomogeneous complex pegmatites consists of concentric zones which conform roughly to 
the shape of the pegmatite and differ in mineral assemblages and textures. From the margin 
inwards, these zones consist of a border zone, a wall zone, an intermediate zone and the core 
(Sinclair, 1996). The Crystallisation sequence in granitic pegmatites is to evolve from 
multiphase mineral assemblages at the onset of crystallisation in the border zone to singly 
saturated units at the end such as blocky microcline zones and quartz cores. According to 
London (2005), the general zoning from the border zone to the core is in the following 
sequence:  
Quartz + muscovite + K-feldspar + plagioclase +/- tourmaline, garnet, biotite 
K-feldspar + quartz 
Plagioclase + quartz + spodumene 
Quartz + spodumene 
Quartz + K-feldspar 
Quartz 
2.5. Geological and tectonic settings of granitic pegmatites 
 
According to Černý (1991b), large scale geological settings and structural controls of 
pegmatite have changed during crustal evolution. In the late Archean (Kenoran) pegmatite 
fields are confined to greenstone belts and mobilised sedimentary troughs. Parental plutons 
are usually located along deep post-metamorphic faults, axial to the greenstone belts and 
associated dislocations. Lithologic boundaries, particulary batholithic contacts are preferred 
locations. 
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Hudsonian rare-element pegmatite fields are mostly confined to mobilised tectonic basins and 
troughs found locally along the margins of Archean cratons or between neighbouring pairs 
e.g. the Central Svecofennian Province of Finland and Sweden (ibid). 
 
Phanerozoic pegmatite populations are confined to belts of fertile granites within more or less 
linear orogens of Appalachian or Alpine type. These belts consist of metasedimentary 
sequences, or of segments of older crystalline terranes remobilised and penetrated by 
numerous granitoid plutons under both prograde and retrograde conditions. Classic examples 
include the Hercynian pegmatite provinces of Central and Western Europe and the Alpine 
Orogen of Afgan Hindukush (ibid) 
 
Lithologic environments of rare-element pegmatite fields in Archean Greenstone Belts 
typically are volcanic or sedimentary sequences (e.g. Superior province). Metamorphosed 
terrigenous flysch-type turbidites devoid of volcanic components are the dominant hosts in 
younger orogens (e.g. the Damara Province in Namibia and the Hindukush fields in 
Afghanistan) (ibid). 
2.6. Exploration for granitic pegmatites 
 
Selway et al, (2005) presented detailed exploration techniques for rare element (LCT) 
pegmatites, which may also be applicable to other types of pegmatites. Reconaissance 
exploration involves mapping of a region looking for pegmatite dykes and to evaluating their 
mineralization potential. This exploration includes examining the regional zoning of fertile 
granite plutons from regional geological maps and searching the surrounding area (within 10 
km) for its associated pegmatite dikes. The degree of fractionation and rare-element content 
of the pegmatite dykes increases with increasing distance from their fertile parent granite. 
Fertile granites have rare element contents at least three times that of the average upper 
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continental crust. This can be determined from whole-rock compositions and K-feldspar and 
muscovite compositions. According to Černý (1998b), fertile granites, exposed or hidden, 
represent the origin of more or less zoned, concentric to undirectional pegmatite groups.  
 
Another pegmatite exploration technique is to search for pegmatites associated with rare-
element enriched metasomatized host rocks. When a rare-element pegmatite melt intrudes a 
country rock, rare-element enriched fluids flow into the country rock and alters its 
composition to form a metasomatic aureole or primary dispersion haloe. The host rock 
becomes enriched in highly mobile alkali elements (e.g.Li, Rb, Cs) and volatile components 
(e.g.  H2O, B, F) (Černý, 1989a; Sinclair, 1996; Selway et al., 2005).  Whole-rock analysis of 
metasomatically altered host rocks is an excellent exploration tool for finding hidden or blind 
pegmatites. Secondary dispersion haloes in overburden and presence of light plus heavy 
minerals in stream sediments (e.g. beryl, spodumene, tourmaline, tantalite-columbite) help in 
identifying target areas at both regional and local scales (Sinclair, 1996). 
 
Geophysical surveys may also be used. They include radiometric surveys for identifying 
parent granites and associated pegmatites that are enriched in uranium and thorium. Gravity 
surveys may be used to outline pegmatites in host rocks of contrasting density (Sinclair, 
1996).  
 
Advanced exploration involves study of pegmatite dykes in detail, such as the specific 
location of zones of mineralization within a pegmatite dyke. Advanced exploration includes 
metallurgical studies of pegmatite minerals using an electron microprobe. Within individual 
pegmatites, zoning of primary units, the distribution and nature of secondary assemblages and 
geochemical indicators of fractionation guide the search for specific ores. The concentrations 
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of some rare elements in rock forming minerals like feldspars and micas may provide 
estimates of their quantitative accumulation in the entire pegmatite body (Černý, 1989b).  
2.8. Summary 
 
Granitic pegmatites crystallise from a dense, flux-rich hydrosilicate liquid of acidic to 
intermediate composition. Pegmatitic magma may be generated by fractional crystallisation 
of an evolving magma or anatexis. Granitic pegmatites are generally characterized by very 
large crystals. The texture is a consequence of delayed nucleation and rapid growth at very 
strong undercooling, both of which are facilitated by high concentration of fluxes such as 
H2O, Li, B, F and P in granite pegmatite melts. Thus, pegmatites are products of rapid crystal 
growth in undercooled liquids. 
 
Černý’s classification scheme (1991) revised by Černý and Ercit (2005) is the most accepted 
and widely used classification scheme of pegmatites today. The scheme is a combination of 
depth of emplacement, metamorphic grade and minor element content. 
 
Pegmatites generally crystallise from their margins toward their interiors. The internal zoning 
sequence in zoned granitic pegmatites is to evolve from multiphase mineral assemblages at 
the onset of crystallisation at the border zone to singly saturated units at the end, usually 
composed of blocky microcline zones and quartz cores. Most of the complex inhomogeneous 
pegmatites are composed of concentric zones. From the margin to the interior, these are 
border zone, wall zone, intermediate zone and the core. 
 
Presence of fertile granite plutons, metasomatic aureoles (dispersion haloes of rare alkalis and 
some other elements such as Be, Sn and Cu) in country rocks are valuable aids in the initial 
exploration for (rare element) granite pegmatites. In individual pegmatite dykes, zoning of 
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primary units, the distribution and nature of secondary assemblages and geochemical 
indicators of fractionation guide the search for specific ores. Thus, an understanding of the 
regional and internal zoning of granitic pegmatites is a useful tool in the exploration for 
granitic pegmatites and their mineralization potential. 
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CHAPTER 3: RESEARCH METHODOLOGY 
 
The research was carried out in four phases involving desk studies (literature review), field 
investigations, laboratory investigations and data analysis, interpretation and report writing. 
3.1. Desk studies 
 
Both published and unpublished literature in print and electronic format was consulted. 
Literature was sourced from government department reports (e.g. Geological Survey 
Department of Malawi (GSD), Department of Mines (DOM)), the University of Fort Hare 
Library and internet sources. The literature review provided an in depth understanding of the 
geology, mineralogy, geochemistry and economic significance of pegmatites in general and 
those of the study area in specific. Desk studies also involved capturing hard copy data into 
electronic format using computer software. 
3.2. Field investigation 
Field visits were made to the study area. Six pegmatites namely Mperekezi, Mbuliwiza, 
Majiyasawa, Chitapamoyo, Thoza and Mtende were investigated. Choice of pegmatites for 
investigation was based on the presence of active mining operations and easiness of 
accessibility. Due to thick superficial deposits the pegmatites in the area are well exposed 
only in mine pits. Local guides from the Mzimba Gemstone Marketing Centre helped in 
locating pegmatite mining sites. Observations of various lithologies of the pegmatites and 
host rocks were noted down, photographs taken and sketches drawn mainly of sections where 
the pegmatite is exposed in mine pits.  
 
Spatial locations of pegmatites and topographical features were identified from an existing 
1:50,000 topographic map of Mzimba (GOM, 1987). Identification of pegmatites and the 
geology of the area were done with reference to existing 1:100,000 geological maps of 
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Mzimba (GOM, 1973) and Viphya South (GOM, 1975) published by the Geological Survey 
of Malawi. Coordinates for the investigated pegmatites and sample points were taken using a 
Garmin Global Positioning System (GPS) configured to Universal Traverse Mercator (UTM), 
WGS 84 and zone 36 S projections. Bearings were taken using a Brunton compass. 
 
Grab samples of the pegmatite (wall zone, intermediate zone and core) and host rocks were 
collected for laboratory studies. Some mineral samples were provided by the people 
operating the mines. Coordinates of all sample locations and sample description were 
recorded in a field note book. The mineralogy of hand samples was studied in the field with 
the help of a hand lens with10x magnification. The samples were packed in well labeled 
plastic sample bags. The results of the mapping exercise is presented in Section 4.1 
3.3. Laboratory investigations 
3.3.1. X-ray Diffraction (XRD) 
 
XRD analyses were done at the South African Council for Geosciences (CGS) in Pretoria. 
XRD was preferred as it is an ideal  testing method of polycrystalline materials and is also 
cost effective. The analytical method provides an accurate identification of mineral phases in 
a sample (Bruker, 2006). Sample preparation involved crushing, milling and homogenization 
of the sample. A McCrone micronising mill was used to reduce the sample particle size to 
approximately 2-10 µm in size. Each milled sub-sample was placed in a shallow plastic 
sample holder against a rough filter paper in order to ensure random orientation. XRD 
measurements were performed on a Bruker D8 Advance instrument with a 2.2kW Cu long 
fine focus tube (Cu Kα, λ=1.54060) and 90 position sample changer.The system was 
equipped with a LynxEye detector with 3.7º active area. Samples were scanned from 2
o
 to 
70 2 at a speed of 0.02 2  step per three seconds, and the generator was operated at 
settings of 40 kV and 40mA. Phase identification was based on the BRUKER DIFFRAC
Plus 
- 
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EVA evaluation program. Quantitative XRD results were obtained with the Rietveld 
refinement method using DIFFRAC
Plus – TOPAS software with accuracy in the region of ± 
1%. According to the CGS this method was adapted from British Standard: BS EN 13925-
2003 and implemented to suit the specifications of the CGS XRD Laboratory. Spectra 
obtained with the XRD are presented in section 4.2 
3.3.3. Petrography 
 
Seven thin sections were produced at the CGS in Pretoria. The samples comprised three K-
feldspars, three Fe-Ti oxides and one triplite sample. The method was used to study the 
mineralogy, textures and structures of the mineral specimens. The thin sections were studied 
with an Olympus model CX31 petrographic microscope at the University of Fort Hare. K-
feldspar and triplite specimens were studied using transmitted light while the Fe-Ti oxide 
specimens were studied in reflected light. Both plain and crossed polarised light at medium 
magnification was used for each sample. Photomicrographs were taken with a Moticam 2500 
(5.0MP) camera mounted on the petrographic microscope. The results are presented in 
section 4.3. 
3.3.4. X-ray Fluorescence Analyses (XRF) 
 
XRF analyses were done at the CGS in Pretoria. The XRF method was used to quantitatively 
determine the elemental composition of the pegmatite samples (Bruker, 2006). Ten major 
oxides and thirty two trace elements were analysed. The samples were first milled and 
homogenised. For major oxide analysis the milled sample (<75 μ fraction) was roasted at 
1000 °C for at least 3 hours to oxidise Fe
2+ 
and S and to determine the loss on ignition 
(L.O.I.). Glass disks were prepared by fusing 1.5 g roasted sample and 9 g flux consisting of 
66.67% Li2B4O7, 32.83% LiBO2 and 0.50% LiI at 950 °C. For trace element analysis 12 g 
milled sample and 3 g Hoechst wax was mixed and pressed into a powder briquette with a 
 36 
 
 
hydraulic press with the applied pressure at 25 tons. The glass disks and wax pellets were 
analysed with a PANalytical Axios X-ray fluorescence spectrometer equipped with a 4 kW 
Rh tube. 
 
Standard reference materials were used for both Major and Trace element analysed. 
According to Ahmedali (1989) standard reference materials are used to calibrate analytical 
instruments, test new methods, and provide controls for everyday work and to resolve 
differences in analytical results between laboratories. The shortfall of standard reference 
materials is that by nature they do not constitute all known compositions of rocks. 
 
XRD and XRF methods complement each other and provide a valuable tool for quantitative 
phase analysis of the pegmatite minerals. Microscopic studies supplemented the qualitative 
description of some of the mineral phases. 
3.3. Data analysis and presentation 
 
Data analysis, interpretation and compilation of the report were done using computer 
software. Spatial analysis of data, digitizing and production of maps were done using Arc 
GIS 9.3 software by ESRI. Grapher 8.3 software by Golden Software Inc. was used to 
analyse geochemical data and plot graphs and charts. Stereo 32, Version 1.0.2. software was 
used to plot a rose diagram for the trends of the pegmatites. Spread sheets produced by 
Gabbrosoft.org (2011) were used for alkali feldspar composition recalculations. And that by 
Bradly and Perkins (2011) was used to carry out end member calculations for garnet. 
Compilation of the final report was done using Microsoft Office software. 
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CHAPTER 4: RESULTS 
 4.1. Description of the granitic pegmatites of Mzimba District 
 
Figure 4.1 is a location map of the six pegmatites that were investigated in this study. The 
pegmatite bodies do not usually crop out save for the quartz cores that are resistant to 
weathering and often form low ridges and give rise to substantial quantities of quartz float 
which can be used as indicators during mapping of the area for pegmatite bodies. The 
pegmatites are well exposed in mine pits. Due to sporadic and selective mining practices only 
some sections of the pegmatites are exposed.  
 
The granitic pegmatites occur as tabular or lenticular intrusives of coarse grained rocks.They 
range in width from about 3m to 30 m and the length from about 30 m to 250 m. Contacts 
with the country gneisses are rather obscure in most of the exposures but those observed are 
sharp. The pegmatites exhibit a cross-cutting relationship with the foliation of the Basement 
Complex gneisses and show no sign of plastic deformation. They are steeply dipping and 
nearly all of the pegmatite bodies trend northwest to southeast at angles between 90
o 
and 160
o 
and averaging about 125
o
. Only a few show northeast to southwest trends (Figure 4.2). 
Gaskell (1975) described this as an important diagnostic feature of the intrusive pegmatites in 
the area. Smaller pegmatite bodies may tail off into veins largely composed of quartz, hence 
isolated minor quartz veins occurring near larger pegmatites and having similar trends 
probably were emplaced during the same intrusive phase. 
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Figure 4.1: Location of pegmatites investigated in the Mzimba area overlaid on Google 
Earth, 2013) 
 
Figure 4.2: Rose diagram showing strike directions of the pegmatites (some of the data 
from Holt, 1965) 
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4.1.1. Mperekezi pegmatite 
 
Mperekezi pegmatite is found in the Mperekezi Forest Reserve. It strikes 325º. It is 
approximately 245 m long and maximum width is 23m. The pegmatite does not form a 
perfect outcrop due to thick regolith save for the quartz core and scattered quartz float. It is 
well exposed in the side of a mine pit. The pegmatite intruded into biotite gneiss of the 
basement complex. 
 
The pegmatite exhibits a certain degree of zoning into quartz core, intermediate zone and 
wall zone (Plate 4.1). Contacts between the zones are gradational and are defined by mineral 
assemblages and a general increase in the size and texture of the mineral constituents from 
the outer to the inner zones. The core of the pegmatite is about 7 m wide and is made up of 
monomineralic massive rose quartz. It is flanked by a zone of wedge shaped ruby brown 
muscovite of the intermediated zone occupying a zone approximately 0.90 m wide. Grain 
size of the muscovite on averages is approximately 5 cm across, occasionally reaching 10 cm. 
In the more feldspar rich zones the muscovite occurs in thicker and larger plates up to 15 cm 
wide. In the intermediate zone, the feldspar rich sub-zone is more than 2 m wide and consists 
of K-feldspar in the form of microcline which is easily recognisable in hand specimen. The 
microcline is predominantly pink and occurs in blocky mega crystals of microperthite to 
macroperthite. Most of the feldspar of the intermediate zone is decomposed to a pinkish or 
yellowish porcellanous material. The wall zone is made up of an assemblage of relatively 
smaller crystals of milky quartz - K-feldspar - muscovite (Plate 4.2 a). K-feldspar of the wall 
zone is pink in colour and is usually inter-grown with quartz to produce graphic textures. 
According to Nesse (2000) graphic textures form as a result of simultaneous crystallisation of 
quartz and K-feldspar at the quartz - K-feldspar eutectic. Furthermore Breaks et al. (2003) 
indicated that graphic textures are characteristic of fertile pegmatites. The muscovite of the 
 40 
 
 
wall zone occurs in masses of distorted small crystals about 5 cm wide. Accessory minerals 
of the pegmatite include Fe-Ti oxide, beryl and tourmaline. Crystals of Fe-Ti oxide about 2 
mm wide and 10 cm long were found to occur in the margins of quartz core occupying or 
embedded in quartz (Plate 4.2 b). The minerals occur as thin blades, black in colour with a 
metallic lustre, exhibiting subhedral crystals with tabular structure and basal partings. The 
specimens appear corroded with a brown tint which also stains the surrounding minerals. 
They are also slightly magnetic. Crystals of black tourmaline (schorl) of varying size were 
observed in the marginal zone of the pegmatite. Hexagonal crystals of beryl occur in the 
intermediate zone more in association with the blocky K-feldspar than with muscovite. Beryl 
is usually weathered and stained but sometimes gem quality aquamarine is found. The 
pegmatite is being mined for rose quartz and is a major producer of this mineral in Malawi 
with aquamarine also being found in the intermediate zone. 
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Plate 4.1: Mperekezi pegmatite exposed in the wall of an open pit mine. Note the various 
zones which are (A) partly kaolinised K-feldspar, (B) Wedge shaped muscovite of the 
intermediate zone and (C) Massive rose quartz core 
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Plate 4.2: (a) The wall zone of the Mperekezi pegmatite with the milky quartz – pink K-
feldspar mineral assemblage. Insert: Eutectic graphic feldspar.  
 
 Plate 4.2: (b) Fe-Ti oxide crystals embedded in quartz of the pegmatite core, with some 
brown alteration products staining the quartz and the green copper colouration. 
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4.1.2. Mbuliwiza pegmatite 
 
The Mbuliwiza pegmatite is situated on the western flank of Changwe Hill. Thick regolith 
covers the pegmatite hence it is only well exposed in the sides of a mine pit. The pegmatite 
strikes 300º. It exhibits a cross cutting relationship with the foliation of the biotite gneisses of 
the Basement Complex and the contact with the gneisses is sharp (Plate 4.3).  It is 
approximately 12 m wide with its westward extension is not visible due to cover of 
overburden. 
 
Plate 4.3: Sharp contact between the biotite gneiss of the Basement Complex (to the left 
of pen) and pegmatite (right of pen). The pegmatite cuts across the foliation of the 
biotite gneisses. 
It is inhomogeneous comprised of a quartz core, an intermediate zone and a wall zone (Plate 
4.4). Contacts between the zones are usually gradational and are defined by changes in 
mineral phases and texture of the minerals. The core is approximately 2.4 m wide and is 
composed of massive and milky white quartz. Smaller quartz cores are also present within the 
feldspar rich zones. Euhedral quartz and K-feldspar crystals were observed in rare vugs at the 
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contacts between the quartz cores and feldspar rich zones (Plate 4.5 c). The intermediate zone 
is comprised of mica rich and K-feldspar rich sub-zones. The K-feldspar of the intermediate 
zone occurs in mega crystals of pink microperthite. It occupies a zone approximately 3 m 
wide between the mica rich zone and the wall zone and sometimes in contact with the quartz 
core. Muscovite of the intermediate zone commonly occupies a zone between the quartz core 
and the feldspar rich zone. It ranges from clear to ruby brown in colour and occurs in books 
up to 20 cm wide and 10 cm thick. Smaller and wedge shaped mica books occur in 
association with quartz and feldspar. The wall zone is approximately 0.5 m wide and is made 
up of smaller crystals of wedge shaped muscovite, milky quartz and graphic K-feldspar 
mineral assemblages. Euhedral crystals of blue-green beryl occur in the intermediate zone in 
association with K-feldspar and extend into the quartz core (Plate 4.5 a & b). Beryl crystals 
up to 15 cm wide and 30 cm long are found with some grading into gem quality aquamarine 
(Plate 4.5 c). The latter also occurs in rare pockets. Columbite – tantalite (coltan) minerals are 
also found. The coltan crystals are black in colour with a metallic luster and they vary in size 
from small aggregates a few cm across to large euhedral crystals about 6 cm long (Plate 4.5 
d). The minerals of the coltan group occur in the intermediate zone of the pegmatite in 
association with feldspar and muscovite. 
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Plate 4.4: Section of Mbuliwiza pegmatite exposed in a wall of a mine pit (A) Milky 
quartz core, (B) Pink and blocky K-feldspar, (C) Books of muscovite, (D) Wedge shaped 
and distorted muscovite flanking feldspar in the pegmatite intermediate zone. (E) Wall 
zone with relatively smaller crystals of quartz-K-feldspar - muscovite assemblage.  
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Plate 4.5: (a) Euhedral crystals of beryl (BRL) occurring in association with quartz 
(QTZ) of the core and muscovite (MSC). (b) Crystal of beryl occurring in association 
with pink K-feldspar of the intermediate zone. (c) Euhedral crystals of quartz and K-
feldspar. (d) Euhedral crystal of columbite-tantalite. 
4.1.3. Thoza pegmatite 
 
The Thoza pegmatite is located within the Mperekezi Forest Reserve. It forms a lenticular 
body that strikes 290º. It intruded biotite gneiss of the Basement Complex and exhibits a 
cross cutting relationship with the foliation of the country gneisses. Contacts with the country 
gneisses is linear and sharp (Plate 4.6 a). The pegmatite is approximately 250 m long and 8 m 
wide and its southwesterly extent could not be determined. The pegmatite does not form 
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outcrops due to the thick regolith. A section of the pegmatite is exposed in the walls of a 
mine pit.  
 
The Thoza pegmatite displays simple zoning comprising of core, intermediate zone and 
border zone (Plate 4.7). The contacts between the zones are sharp and are defined by the 
abrupt change in mineral phases and textures (Plate 4.6 b) 
 
Plate 4.6: Section of Thoza pegmatite (a) Contact of the wall zone of the Thoza 
pegmatite (above hammer) and biotite gneiss of the Basement Complex (below hammer) 
Note the sharp contact. (b) Pegmatite zones, massive milky quartz core, (QTZ), blocky 
pink K-feldspar ((K-fel) and clear muscovite books of the intermediate zone (MSC). 
Note the sharp contacts between the zones.  
The quartz core is approximately 2 m wide and is composed of massive milky quartz. 
Occasionally pale rose quartz was observed among the mined out materials and the quartz 
float. A K-feldspar rich and muscovite rich sub-zone forms the intermediated zone of the 
pegmatite. The muscovite is silver grey in colour with ruby brown and clear variety also 
being found. The muscovite reef flanks the quartz core and is approximately 0.70 m wide. 
Large muscovite crystals occur in books up to 30 cm wide and 10 cm thick. Small crystals of 
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quartz were found between the muscovite sheets causing the sheets to appear spotted or to 
develop pinholes. The K-feldspar rich sub-zone is approximately 2 m wide. K-feldspar occurs 
as mega-crystals of pink and blocky microperthite. The wall zone is approximately 2 m wide 
and is composed of an assemblage of relatively smaller crystals of quartz, muscovite and 
graphic K-feldspar (Plate 4.8).   
 
 
Plate 4.7: Section of Thoza pegmatite exposed in the wall of a mine pit, (A) Blocky and 
milky quartz core. (B) Books of clear muscovite (insert). (C) Pink and blocky 
microperthite (insert). (D) Wwathered microperthite  
Mega crystals of blue-green beryl occur in the intermediate zone adjacent to the quartz core 
in association with K-feldspar and muscovite as single crystals or in clusters and also in rare 
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vugs. The beryl usually is corroded but sometimes gem quality aquamarine is recovered with 
the best quality occurring in association with quartz of the core. Beryl occurs as hexagonal 
crystals varying in size from a few millimetres to mega crystals. Hexagonal columnar crystals 
more than a metre long and 20cm wide have been recovered from the pegmatite (Plate 4.9 a). 
Crystals of triplite (identified by XRD) were found in the intermediate zone of the pegmatite 
(Plate 4.9 b). Triplite is a fluoro-hydroxide phosphate mineral that forms in phosphate rich 
granitic pegmatites. It forms during the late stage of pegmatite evolution and is categorised as 
an extremely rare mineral found at only a few places around the world (Keller et al., 1994; 
Weinberge, 2007). Large anhedral crystals measuring about 15 cm long were found. The 
specimens are massive and break with conchoidal fractures. The exposed surfaces of the 
specimens found have black tarnishes, while fresh surfaces have a brilliant resinous lustre 
with a reddish brown colour. According to Keller et al. (1994), triplite is commonly altered to 
black manganese oxide which coats the crystal and stains the surrounding minerals. This is 
the first reported occurrence of triplite in the Mzimba pegmatites and probably in Malawi. 
Euhedral crystals of garnet ranging between 10 mm and 20 mm across occur in the 
intermediate zone close to the contact between the quartz core and the mica rich zone in 
association with quartz, muscovite and K-feldspar. The crystals are dark red in colour and the 
garnet variety was identified with XRD as almandine-spessartine end member. The pegmatite 
is also reported to host coltan mineralisation. 
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Plate 4.8: Section of wall zone of the Thoza pegmatite. Note the relativelly finer texture 
of the minerals with K-feldspar exhibiting graphic textures shown in insert (b). The 
quartz- K-feldspar - muscovite mineral assemblage shown in insert(c)  
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Plate 4.9: (a)  Euhedral crystal of blue-green beryl with brown stains. (b) Anhedral 
crystals of triplite specimens from Thoza pegmatite 
4.1.4. Majiyasawa (Mzimba Turn-off) pegmatite 
The pegmatite occurs in the Mperekezi Forest reserve. It intruded biotite gneiss and occupies 
the central part of an oval hillock about 100 m wide. The pegmatite is about 10 m wide and 
60 m long and strikes 310º. The core of the pegmatite forms outcrops on the summit of the 
hillock.  A section of the pegmatite is exposed in the walls of a mine pit. 
The Majiyasawa pegmatite displays simple zoning comprising a quartz core, intermediate 
zone and a wall zone. The core is approximately 3 m wide and is composed of massive and 
blocky milky quartz. The intermediate zone is about 2.2 m wide and is composed of a K-
feldspar rich sub-zone and a mica rich sub-zone. K-feldspar in the latter zone is composed of 
giant massive crystals of pink microperthite, occasionally weathered to a pink to yellow 
porcellanous material. A narrow zone of about 0.9 m of muscovite occurs flanking the quartz 
core and the feldspar rich zone. The mica is predominantly clear but silver grey and ruby 
brown muscovite is also found. Muscovite occurs in books up to 20 cm thick and 25cm wide. 
Pockets of smaller crystals and wedge shaped distorted muscovite occur within the feldspar 
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rich zone. The wall zone is about 0.6 m wide and consists of aquartz-K-feldspar - muscovite 
assemblage that forms a comb structure. Muscovite of the wall zone is clear to ruby brown in 
colour and occurs in masses of distorted crystals, usually up to 5 cm wide, while the K-
feldspar is pink microperthite usually exhibiting graphic texture. Quartz of the wall zone is 
milky white and occurs in smaller anhydral crystals. The pegmatite is host to beryl which 
occurs as large hexagonal crystals in the intermediate zone in association with K-feldspar and 
muscovite and also in the quartz core. Beryl crystals attaining sizes of up to 15 cm wide and 
1m long have been recovered from the pegmatite. Gem quality aquamarine is also produced 
while good quality aquamarine occurrs in association with the quartz core. Columbite – 
tantalite crystals have also been recovered from the pegmatite.  
4.1.5. Chitapamoyo Pegmatite 
The pegmatite is found within farm land in Chitapamoyo Village. It does not crop out owing 
to thick overlying quaternary sediments but is exposed in the wall of a mine pit. It is zoned 
and is composed of a quartz core about 2 m wide and highly weathered outer zones (Plate 
4.10). The quartz of the core is massive and milky white in colour occasionally displaying 
amethystine colours and is flanked by a reef of brown muscovite about 1.0 m wide. The 
muscovite occurs in thick books and the sheets attain sizes up to 30 cm wide. The feldspar 
rich sub-zone of the intermediate zone is about 1.20 m wide. It is composed of pink 
microperthite weathered to a yellowish porcellenous material. The wall zone is comprised of 
an assemblage of ralatively smaller crystals of quartz - K-feldspar and ruby brown and 
distorted muscovite. Accessory minerals are beryl and Fe-Ti oxide. Large crystals of Fe-Ti 
oxides, up to 15 cm long occur as thin blades penetrating the fissures in quartz (Plate 4.11). 
The Fe - Ti oxide is altered to a reddish brown material that stains the host rocks. Beryl also 
occurs in the intermediate zone. The beryl is usually corroded but occasionally gem quality 
aquamarine is recovered, from where it occurs in the quartz core. Amethyst is also found in 
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rare pockets within the quartz core. The relationship of the pegmatite with the country rock is 
obscured by thick overburden and extensive decomposition of the outer zones of the 
pegmatite. 
 
Plate 4.10: Chitapamoyo pegmatite exposed in the wall of a mine pit. The pegmatite is at 
an advanced stage of weathering. (A) Milky quartz core, (B) reef of ruby brown 
muscovite books, (Intermediate zone), (C) Weathered yellowish pink K-feldspar 
(Intermediate zone) and (D) Quartz-muscovite-K-feldspar assemblage of the wall zone. 
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Plate 4.11: Fe - Ti oxide crystal embebed into quartz and altering to a reddish brown 
material, staining the host rock.  
4.1.6. Mtende pegmatite 
 
The Mtende pegmatite forms a small ridge about 125 m long and 30 m wide. It trends 300º. 
Mining has revealed that the pegmatite is inhomogeneous and that it is composed of simple 
zones. The quartz core consists of massive milky quartz, occasionally displaying faint rose 
colour. Feldspar of the intermediate zone is massive microperthite forming a zone up to 2.3 m 
wide. A reef of muscovite, up to 0.40 m wide, occurs flanking the quartz core and pockets of 
muscovite also occur within the feldspar rich zone of the intermediate zone. The wall zone is 
composed of a quartz - K-feldspar and muscovite rich zone. Muscovite of the wall zone 
occurs as smaller crystals of distorted masses up to 2 mm wide. The K-feldspar of the wall 
zone is pink microperthite exhibiting graphic textures while the quartz of that zone 
sometimes is clear or has smokey colour. Large crystals of black tourmaline (schorl) are 
found in the wall zone in association with quartz and muscovite (Figure 4.12). Euhedral 
tourmaline crystals (schorl), attaining sizes of up to 15 cm in diameter and 35 cm long, were 
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a lso found. The schorl occurs as large solitary euhedral columnar crystals, branching crystals 
or as clusters of finer radiating needles (Plate 4.13 (a) & (b)). The tourmaline was also 
observed as solitary crystal in the country rock where the pegmatite contact occurs in the 
walls of the mine pit. Aquamarine has been reported from the Mtende pegmatite but was not 
encountered during the present study. 
 
 
Plate 4.12: Assemblage of tourmaline (black) - milky, anherdal quartz (QTZ) - 
muscovite (MSC) in the wall zone of the Mtende pegmatite 
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Plate 4.13: (a) Euhedral crystal of black tourmaline (schorl). (b) In-situ crystal of 
tourmaline (schorl) occurring in association with quartz and muscovite  
4.1.7. Summary 
 
The Mzimba pegmatites intruded into metamorphic rocks of the Basement Complex. They 
trend NW – SW cross cutting the country gneisses. The Mzimba pegmatites are 
inhomogeneous and zoned possessing an inner quartz core or several quartz cores separated 
by zones of K-feldspar and muscovite rich assemblages, an asymmetrical intermediate zone 
comprises coarse-grained K-feldspar (perthite). Muscovite is usually concentrated at the 
contact between these zones. The wall zone is made up of relatively smaller crystals of 
quartz, muscovite and K-feldspar (graphic K-feldspar) assemblage. Accessory minerals 
include beryl, garnet, Fe-Ti oxides (Nb - rich rutile), columbite – tantalite (coltan) minerals 
and triplite (Table 4.1). Occasionally, fine crystals of black tourmaline, and rarely, garnet, 
which may also appear in the adjacent country rock occur. A border zone may be present or 
not. 
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Table 4.1: Mineral assemblages of the Mzimba pegmatites 
 
Mineral Variety Pegmatite occurrence 
Mperekezi  Mbuliwiza Majiyasawa Chitapamoyo Mtende Thoza 
Quartz Milky 
quartz 
▼ ▼ ▼ ▼ ▼ ▼ 
 Rose 
quartz 
▲ 0 0 ┼ ┼ ┼ 
 Smokey 
quartz 
0 0 ┼ 0 ▼ ▼ 
 Euhedral 
quartz 
crystals 
0 ┼ 0 ┼ ┼ ┼ 
 Amethyst 0 0 0 ┼ 0 0 
K-feldspar Perthite ▼ ▼ ▼ ▼ ▼ ▼ 
 Graphic K- 
feldspar 
▼ ▼ ▼ ▼ ▼ ▼ 
Muscovite  ▼ ▼ ▼ ▼ ▼ ▼ 
Beryl aquamarine ┼ ┼ ┼ ┼ ┼ ┼ 
Tourmaline Schorl    ┼ 0 0 0 ┼ 0 
Garnet Almandite 
-
spessartine 
┼ 0 0 0 0 ┼ 
Ta – Nb 
oxides 
Tantallite – 
columbite  
● ┼ ● ┼ ┼ ┼ 
Fe – Ti 
oxide 
Ilmenite 
and rutile 
0 0 0 0 ┼ ┼ 
Triplite  0 0 0 0 0 ┼ 
 
 
Relative mineral occurence in the pegmatites. Key ▲: dominant, ▼: abundant, ┼: 
found and 0: not found. 
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4.2: MINERALOGY AND PETROGRAPHY OF MZIMBA PEGMATITES 
4.2.1. X-ray Diffraction (XRD) analysis 
 
XRD analyses were conducted at the South African Council for Geosciences in Pretoria, Ten 
samples were analysed (Table 4.2) and the results are illustrated in Figures 4.3 to 4.7. The 
detailed analytical procedure is presented in the Methodology Chapter 3. The XRD method is 
preferred because it is the most direct and accurate analytical method for semiquantitative 
determination of   mineral species in a sample (Bruker, 2006). However, the method does not 
determine the elemental composition of a geological sample. 
Table 4.2: Record of samples determined by XRD analysis 
 
Sample 
identity 
pegmatite UTMcoordinates Sample description 
MZ 1  Mbuliwiza 
pegmatite 
 
 
571141 / 8690333 
Book of ruby brown mica. Sampled from the 
intermediate zone. 
MZ 3 Majiyasawa 
pegmatite 
 
569375 / 8672748 Book of mica. Silver grey in colour (muscovite) 
taken from intermediate zone. 
MZ 22 Chitapamoyo  
pegmatite 
 
 
553996 / 8696536 
Book of ruby brown mica. Sampled from the 
intermediate zone. 
MZ 30 Thoza pegmatite 
 
562840 / 8660630 Book of brown mica. Sampled from the intermediate 
zone. 
MZ 7 Thoza pegmatite  562840 / 8660630 Blocky pink K-feldspar showing intergrowths with 
quartz (graphic texture). Sampled from the wall zone. 
MZ 9 Mbuliwiza 
pegmatite  
562840 / 8660630 Blocky pink K-feldspar with perthitic texture. 
MZ 15 Mhana pegmatite  561408 / 8678188  Fe-Ti oxide. Black in colour with a metallic lustre, 
exhibiting basal partings. Occurs in association with 
quartz of the core 
MZ 16 Chitapamoyo 
pegmatite 
 
 553996/8696536 Fe-Ti oxide. Black in colour with a metallic lustre 
exhibiting basal partings. Occurs in association with 
quartz of the core. 
MZ 26  Thoza pegmatite 
 
562840 / 8660630 Triplite. Reddish brown on fresh surfaces with a 
black tarnish on exposed surfaces. Resinous lustre. 
Exhibits conchoidal fracturing. Sampled from the 
intermediate zone. Occurs in association with 
feldspar and mica. 
MZ 5 Thoza pegmatite 
 
562840 / 8660630  Dark red garnet with a vitreous, resinous lustre. 
Euhedral crystal exhibiting cubic crystal form. 
Sampled from the intermediate zone 
 
Note: Sample MZ 15 was provided my miners at the Mzimba Gemstone Centre 
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4.2.1. Muscovite 
 
XRD analysis identified samples MZ 01, MZ 3, MZ 22 and MZ 30 as composed of 100% 
muscovite (Figures 4.3. (a) to (d). Sample MZ 3 has trace amounts of kaolin which is 
probably an alteration product. 
 
 
Figure 4.3: (a) XRD spectrum for sample MZ 1, muscovite from Mbuliwiza pegmatite 
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UFH Salima MZ 1 - File: 120187 MZ 1.raw - Type: 2Th/Th locked - Start: 2.000 ° - End: 69.917 ° - Step: 0.020 ° - Step time: 93. s - Temp.: 25 °C (Room) - Time Started: 18 s - 2-Theta: 2.000 ° - Theta: 1.000 ° - Chi: 0.0
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Figure 4.3: (b) XRD spectrum for sample MZ 3, muscovite with traces of kaolin from 
Majiyasawa pegmatite.  (c) XRD spectrum for sample MZ 22, muscovite from 
Chitapamoyo pegmatite 
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Figure 4.3: (d) XRD spectrum for sample MZ30, muscovite from Thoza pegmatite 
 
4.2.2. Feldspar 
 
XRD analysis identified sample MZ 7 as composed of significant amounts of K-feldspar 
(microcline), quartz and a small amount of plagioclase (albite) (Figure 4.4 (a)). Texturally the 
sample is made up of altenating bands of quartz and perthite producing a graphic texture 
while the perthite is an exsolution of microcline and albite. Sample MZ 9 is microperthite 
composed of a high quantity of K-feldspar phase (microcline) and a significant Na-
plagioclase phase (albite). (Figure 4.4 (b)).  
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Figure 4.4: (a) XRD spectrum for sample MZ 07, graphic K-feldspar from Thoza 
pegmatite (b) XRD spectrum for sample MZ 9, microperthite from Mbuliwiza 
pegmatite 
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4.2.3. Iron-Titanium Oxides 
Two samples MZ 15 and MZ 16 were determined with XRD as being composed of Fe-Ti 
oxides. Sample MZ 15 has a high proportion of Fe-Ti oxides (rutile, ilmenite and anatase), a 
significant composition of Fe2O3 (haematite) and traces of quartz and dolomite (Figure 4.5 
(a)). Sample MZ 16 has high proportion of Fe-Ti oxide (ilmenite) and a significant content of 
haematite and a lower content of anatase.  Traces of quartz were also recorded in the sample 
(Figure 4.5 (b)). Sample MZ 15 is therefore categorised as ilmeno-rutile while sample MZ 16 
is classified as ilmenite. Thus it can be deduced that the pegmatite at Mhana, where sample 
MZ 15 was collected, has ilmeno-rutile as the titanium mineral while ilmenite is the iron-
titanium oxide mineral at the Chitapamoyo pegmatite from which sample MZ 16 was 
collected. The anatase and haematite mineral phases in samples MZ 15 and MZ 16 may be 
attributed to alteration of rutile and ilmenite by oxidation and/or exsolution. Initially, these 
minerals were being misidentified by the small-scale miners of Mzimba as tantalite-
columbite minerals.  
4.2.4. Garnet 
Sample MZ 5 was identified with XRD as garnet. The results indicate that the garnet sample 
is manganoan-almandine (almandine - spessartine end member) with some traces of quartz 
(Figure 4.6). The sample was collected from the intermediate zone of the Thoza pegmatite. 
Deer et al. (1992) indicated that almandine-spessartine commonly occurs in granitic aplites 
and pegmatites 
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Figure 4.5: (a) XRD spectrum for sample MZ 15, ilmeno-rutile from Mhana pegmatite 
(b) XRD spectrum for sample MZ 16, ilmenite from Chitapamoyo pegmatite.  
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Figure 4.6: XRD spectrum for sample MZ 5, manganoan-almandine (almandine-
spessartine) from Thoza pegmatite 
4.2.5. Triplite 
Sample MZ 26 was identified with XRD as triplite. The sample is composed of 100 % triplite 
(Mn2FPO4). 
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Figure 4.7: XRD spectrum for sample MZ 26, triplite from Thoza pegmatite 
 
4.3. Microscopy 
 
Seven double polished thin sections were produced at the Council for Geoscience in Pretoria, 
RSA. The sample comprised three feldspars, three Fe-Ti oxides and one triplite samples. The 
thin sections were studied with an Olympus model CX31 petrographic microscope at the 
University of Fort Hare. Feldspar and triplite specimens were studied using transmitted light, 
while the Fe-Ti oxide specimens were studied in reflected light. Both plane and crossed 
polarised light at medium magnification was used for each sample. Photomicrographs were 
taken with a Moticam 2500 (5.0MP) camera mounted on the petrographic microscope. 
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Table 4.3: Record of samples for microscopic studies 
 
Sample identity Pegmatite  UTM coordinates Sample description 
MZ 9 Mbuliwiza 
pegmatite  
562840 / 8660630 Blocky, pink feldspar  with perthitic 
texture 
MZ 6 Majiyasawa 
pegmatite  
569375 / 8672748 Blocky, pink feldspar with perthitic 
texture 
MZ 7 Mbuliwiza 
pegmatite  
571141 / 8690333 Blocky, pink feldspar with perthitic 
texture 
MZ 15 Mhana pegmatite  561408 / 8678188 Fe-Ti oxide. Black in colour with a 
metallic lustre.  
MZ 18 Mhana mine  561408 / 8678188 Fe-Ti oxide. Black in colour with a 
metallic lustre.  
MZ 16 Chitapamoyo 
pegmatite  
pegmatite 553996 / 
8696536 
Fe-Ti oxide. Black in colour with a 
metallic lustre.  
MZ 26 Thoza pegmatite   Thoza pegmatite 
(562840 / 8660630)  
Triplite Reddish brown on fresh 
surface with a resinous lustre.  
 
4.3.1. Feldspars 
 
Microscopic studies indicate that the pegmatites are comprised of two types of feldspar viz, 
K-feldspar and plagioclase. Microcline is the dominant K-feldspar member, while plagioclase 
is comprised of the Na-plagioclase member. The microcline forms large crystals displaying 
tartan plaid or cross-hatch twinning. Often microcline forms perthitic textures (microperthite 
to macroperthite). Perthite forms as a result of exsolution that occurs because Na
+
 and K
+
 
have significantly different ionic radii (1.32 versus 1.65 Å). Thus, on cooling after 
crystallisation, the amount of Na
+
 permissible in the K-feldspar structure and the amount of 
K
+
 permissible in albite both decrease. As a result of exsolution, stringers of albite are formed 
within K-feldspar crystal (Nesse, 2000). Only occasionally does the plagioclase display 
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polysynthetic twin lamellae within microcline. In some of the samples the feldspars were 
being altered to sericite and clay minerals. (Plate 4.14. a to g).  
 
  
 
 
 
Plate 4.14: Photomicrographs of thin sections of feldspar samples, (a) Microcline 
showing ‘tartan plaid’ or ‘cross-hatch’ (albite and pericline) twinning. (b) Microcline 
altered to sericite and clay minerals. (c & d) Microcline with tartan plaid twinning 
being altered to sericite and clay minerals and an anhedral crystal of quartz in graphic 
microperthite.  
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Plate 4.14: Photomicrographs of thin sections of feldspar samples. (e & f) Perthite with 
twin lamellae rods oriented NE-SW in e and N-S in f. (g) Plagioclase exsolution lamellae 
exhibiting polysythetic twining in contrast with microcline showing tartan plaid or 
cross-hatch twining. (Plane polarised light). 
4.3.2. Quartz 
 
Large anhedral grains of quartz occur in association with the feldspars. This was mainly 
evident in feldspars that had a graphic texture. Quartz displays undulose extinction. (Plate 
4.14. c and d). 
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6.2.3. Triplite 
 
In transmitted light triplite displays characteristic pale brownish yellow to dark reddish brown 
colours. Pleochroism ranges from yellow-brown to reddish brown. Some of the triplite grains 
show dark brown alteration products mainly along grain fractures (Plate 4.15. a to d). 
 
 
 
 
Plate 4.15: Photomicrographs of triplite in thin section. (a) Triplite  showing natural 
yellow colour with dark brown alteration product along grain fractures. (b, c and d) 
Triplite with some alteration products (incl.) and showing pleochroism from yellow-
brown to reddish brown colours. (a to c)  Plane polarised light and d crossed polarisers.  
4.3.4. Fe-Ti oxides 
 
Rutile, ilmenite and haematite are the Fe-Ti oxide minerals identified. Haematite and rutile 
are characterised by medium to large grains being hosted by ilmenite. Rutile has relatively 
higher relief than the other oxides, followed by ilmenite and haematite (Plate 4.16.a and b). 
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Plate 4.16: Photomicrographs of iron-titanium oxides. Ilmenite (grey) hosting fine to 
medium sized grains of haematite (hmt) exsolution bodies (yellowish grey) and rutile 
(rtl) dark grey. The haematite is partly altered to a secondary dark red mineral. 
4.3.5. Summary 
 
XRD results indicate that the feldspars of the investigated Mzimba pegmatites are 
predominantly composed of (perthite). K-feldspar is microcline, and the Na-plagioclase 
(albite) component occurs as an exsolution product. Owing to the tropical climate, the K-
feldspar is often altered to sericite and clay minerals. Muscovite is the mica variety identified 
in the pegmatite. Manganoan almandine (almandine-spessartine) is the garnet variety found 
in the Thoza pegmatite. Fe-Ti oxides comprise ilmeno-rutile and ilmenite with exsolution 
products comprised of haematite and anatase. Triplite was found in the Thoza pegmatite and 
is the first reported discovery of this mineral in the Mzimba pegmatite belt and probably in 
Malawi. 
4.4. Geochemistry of Selected phases from the Mzimba Pegmatites 
 
Thirty one (31) samples were selected for XRF analysis (Appendix B1 to B6) Representative 
samples of mineral separates were obtained from the intermediate zone of the pegmatites. 
According to Selway et al. (2005) the rare element content in a pegmatite dike increases from 
the outermost zones to the innermost zones surrounding the quartz core, hence the choice of 
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samples from the intermediate zone. Fresh and unaltered samples were handpicked. The 
samples were carefully selected to ensure that they were free from contaminations such as  
quartz and albitisazation which can dilute the K, Rb and Cs contents of the samples.To 
prepare the sample for dispatch to the laboratory, each sample was broken with a hammer 
into small pieces under a piece of thick plastic sheet to ensure that no contamination occurred 
with the metal alloys of the hammer. The broken pieces for each sample were packed in well 
labeled plastic sample bags.  
X-ray fluorescence (XRF) analyses were performed at the South African Council for 
Geosciences in Pretoria. A Bruker D8 advance instrument was used for the analyses as 
described in the Methodology Chapter 3. According to Bruker (2006), XRF is a bulk analysis 
technique that provides accurate quantitative data about the elemental composition of a 
geological sample but does not give direct mineral phase information. XRF also has good 
sensitivity for major elements and many trace elements such as Ti, V, Cr, Ga, Zn, Y, Rb and 
Nb, as well as elements with high atomic numbers above 45 (Sn, Ba, Cs, La and Ce) and 
elements with low atomic numbers, below 11 (B and F) (Viana et al., 2007). Thus, the 
combined use of XRF and XRD methods provides a complementary tool for quantitative 
phase analysis of geological samples. 10 Major oxides and 32 trace elements were analysed 
and the results are presented in Appendix B 1 to B 4. Detailed discussion of the geochemistry 
shall focus on selected indicator trace elements in K-feldspars and muscovite. 
4.4.1. Geochemistry of K-feldspar 
 
Eleven K-feldspar samples were collected from the intermediate zone of the pegmatites. All 
the samples are pink in colour, blocky and exhibit perthitic textures. Analysis of blocky K-
feldspar is an excellent exploration tool and five key elements in the analysis of K- feldspar 
are K, Na, Si, Rb and Cs.  
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XRF analytical results for major elements are presented in Table 4.4 and illustrated in Figure 
4.8. SiO2 recorded the highest concentrations in all the samples, mean values ranging from 
62. 84 to 65.2 wt % followed by Al2O3 (18.88 to 21.09 wt %), K2O (12.22 to 14.95 wt %) and 
Na2O (0.65 to 3.58 wt %). TiO2, Fe2O3 (t), MnO, Ca2O, P2O5 and Cr2O3 recorded 
concentrations of less than 1 wt %. 
 
 Component of the K-feldspars ranges between Or92-69, Ab29.9 - 6.88, An0.10 - 0.23. High 
orthoclase composition is recorded in K-feldspars of Chitapamoyo pegmatite and low values 
for Mtende pegmatite (Figure 4.9). The results indicate that the dominant feldspar of the 
studied pegmatites is K-feldspar (perthite). 
 
Trace element concentration levels show great variations (Table 4.5 and Figure 4.10.). The 
K-feldspars have high mean trace element contents for Rb (965 ppm to 7973 ppm) followed 
by Ba (51 to 331 ppm) and Cs (35 to 872 ppm). The rest of the trace elements have mean 
concentration values of less than 100 ppm. (More discussion on selected trace elements in K- 
feldspars is presented in Section 4.5) 
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Table 4.4: Major oxide compositions (wt %) of K-feldspar samples determined with XRF 
 
Sample id Pegmatite 
Mperekezi Mbuliwiza Majiyasawa Chitapamoyo Mtende Thoza 
M01 M02 Mean 
n=2  
M04 M05 Mean 
n=2    
M06 
 
M13 Mean  
n=2 
M07 M08 M09 M10 M12 Mean  
n=2  
SiO2 62.17 65.32 63.75 63.73 64.51 64.12 64.27 65.65 64.96 63.88 62.84 63.65 66.02 65.92 65.20 
TiO2 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01 0.09 <0.01 <0.01 <0.01 <0.01 0.01 0.01 <0.01 
Al2O3 18.56 19.31 18.94 19.58 19.53 19.56 19.35 20.25 19.80 21.09 18.88 18.93 19.20 19.15 19.09 
Fe2O3 0.14 0.10 0.12 0.10 0.12 0.11 0.10 0.32 0.21 0.07 0.09 0.11 0.07 0.25 0.14 
MnO 0.008 0.004 0.006 0.005 0.007 0.006 0.005 0.032 0.019 0.005 0.007 0.006 0.006 0.008 0.007 
MgO <0.01 <0.01 <0.01 <0.01 <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
CaO 0.05 0.04 0.05 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.05 0.03 0.07 0.01 0.04 
Na2O 1.77 1.40 1.58 2.99 3.08 3.04 2.63 1.68 2.15 0.65 3.58 3.26 2.61 2.27 2.72 
K2O 15.93 13.97 14.95 12.35 12.10 12.22 12.85 12.29 12.57 13.34 12.72 13.15 12.31 12.28 12.58 
P2O5 0.089 0.084 0.087 0.725 0.632 0.678 0.410 0.276 0.343 0.044 0.162 0.102 0.054 0.099 0.085 
Cr2O3 <0.001 <0.001 <0.01 <0.001 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.01 
LOI 0.07 0.16 0.11 0.11 0.03 0.07 0.15 0.34 0.24 1.46 0.73 0.06 0.04 0.19 0.10 
Total 98.80 100.38 99.59 99.61 100.02 99.81 99.77 100.94 100.35 100.56 99.06 99.28 100.38 100.19 99.95 
H2O- 0.23 0.22 0.23 0.19 0.21 0.20 0.18 0.14 0.16 0.51 0.20 0.16 0.14 0.16 0.15 
                
Anorthite 
(An) 
0.23 0.26 0.24 0.1 0.1 0.1 0.1 0.11 0.11 0.18 0.23 0.14 0.36 0.05 0.2 
Albite 
(Ab) 
14.14 13.18 13.81 26.87 27.87 27.14 23.70 17.18 20.21 6.88 29.89 27.33 24.28 21.92 24.89 
Orthoclase 
(Or) 
85.36 86.56 85.95 73.03 72.03 72.49 76.2 82.7 79.28 92.94 69.88 72.53 75.36 78.03 74.91 
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Table 4.5: Concentrations of selected trace elements (ppm) for K-feldspars determined with XRF  
 
Pegmatite Elements 
 
Ba Cs Ga Nb Pb Rb Ta Tl Y 
Mperekezi (n=2) 169 - 492 77 - 164 11-Dec <1 49 - 52 1324 - 1531 <2 8.5 - 11 2.7 - 2.7 
  [331] [120] [11.5 [<1] [50.5] [1428] [<2] [9.75] [2.7] 
Mbuliwiza (n=2) 62 691 - 1052 17 -19 <1 23 - 25 7831 - 8114 <2 67 - 74 44 - 48 
  [62] [872] [18] [<1] [24] [7973] [<2] [70.5] [46] 
Majiyasawa (n=2) 26 - 78 37 - 112 Dec-14 <1 - 8.1 31 - 50 1103 - 2621 <2 9.9 - 19 6 - 6.6 
  52 [74.5] [13] [4.05] 40.1 [1862] [<2] [14.45] [6.3] 
Chitapamoyo (n=1) 163 51 25 <1 92 1702 <2 11 3.7 
  [163] [51] [25] [<1] [92] [1702] [<2] [11] [3.7] 
Mtende (n=1) 51 35 18 <1 79 965 <2 7.2 1.4 
  [51] [35] [18] [<1] [79] [965] [<2] [7.2] [1.4] 
Thoza (n=3) 21 - 166 124 - 74 14 - 19 <1 - 1.3 35 - 75 1037 - 1864 <2 8.3 - 15 2.2 - 11 
 
[71] [47.33] [17] <1 [48.67] [1567] [<2] [11.77] [6.6] 
 
Note: [xxx] contains the calculated mean content. 
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Figure 4.8: Major oxide concentrations (wt %) for the K-feldspar as determined with 
XRF analysis 
 
Figure 4.9: Or-Ab-An ternary diagram showing the compositions of the K-feldspars 
from the Mzimba pegmatites. 
SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Cr2O3 LOI H2O-
Mperekezi 63.75 0 18.94 0.12 0.006 0 0.05 1.58 14.95 0.087 0 0.11 0.23
Mbuliwiza 64.12 0.01 19.56 0.11 0.006 0.001 0.02 3.04 12.22 0.0678 0.001 0.07 0.2
Majiyasawa 64.12 0.01 19.8 0.21 0.019 0.01 0.02 2.15 12.57 0.343 0.001 0.24 0.16
Chitapamoyo 63.88 0.01 21.09 0.07 0.005 0.01 0.03 0.65 13.34 0.044 0.001 1.46 0.51
Mtende 62.84 0.01 18.88 0.09 0.007 0.01 0.05 3.58 12.72 0.162 0.001 0.73 0.2
Thoza 65.2 0 19.09 0.14 0.007 0 0.04 2.72 12.58 0.085 0 0.1 0.15
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Figure 4.10: Selected trace element concentrations (ppm) for the K-feldspars 
determined with XRF analysis 
4.4.2. Geochemistry of muscovite 
 
Fourteeen (14) muscovite samples were collected from the intermediate zone of the 
pegmatites. The samples were ruby brown and some were colourless. Muscovite books 
ranging in size between 5 and 10 cm across were selected for XRF analysis. The samples 
were carefully checked for  quartz that may be found in between the mica plates.  Breaks et 
al. (2003) indicated that trace element concentration of muscovite increases from the margin 
of the pegmatite towards the interior zones. Furthermore, the color and grain size of 
muscovite changes with increasing fractionation and, muscovite in fertile pegmatites tends to 
be green (but may also be brown, silver and rarely, pink), coarse-grained (>2 cm across) with 
sizes >2 cm and is usually primary and enriched in rare elements.  
 
XRF analytical results for major elements in muscovite are presented in Table 4.6 and 
illustrated in Figure 4.11. The muscovite samples recorded high mean values for SiO2 (44.23 
Ba Cs Ga Nb Pb Rb Ta Tl Y
Mperekezi 331 120.5 11.5 1 50.5 1428 2 9.75 2.7
Mbuliwiza 62 872 18 1 24 7973 2 70.5 46
Majiyasawa 52 74.5 13 4.05 40.1 1862 2 14.45 6.6
Chitapamoyo 163 51 25 1 92 1702 2 11 3.7
Mtende 51 35 18 1 79 965 2 7.2 1.4
Thoza 71 47.33 17 1.3 48.67 1567 2 11.78 6.6
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to 47.41 wt %), followed by Al2O3 (30.46 to 33.75 wt %), K2O (9.51 to 10.73 wt %), Fe2O3(t) 
(3.74 to 10.56 wt %) and MgO (0.54 to 1.14 wt %). The other oxides, namely TiO2, MnO, 
CaO, Na2O, P2O5 and Cr2O3, have major oxide concentrations of less than 1 wt%. 
 
Analytical results for trace elements in the muscovite are presented in Table 4.7 and 
illustrated in Figure 4.12. There are great variations in trace element concentrations amongst 
the samples.High mean concentrations are recorded for Rb (1018 to 4776 ppm), Nb (184 to 
431 ppm), Cs (41.52 to 390 ppm), Zn (50.33 to 331.25 ppm), Ba (30.67 to 297.33 ppm), Ta 
(43.5 to 248 ppm) and Ga (97.5 to 147 ppm). The rest of the trace elements have 
concentrations of less than 100 ppm. (More discussion on selected trace elements for the 
muscovite is presented in Section 4.5). 
4.4.3. Geochemistry of Fe-Ti oxides (rutile and ilmenite) 
 
Two samples of Fe-Ti oxides, M 28 and M 29, from Mhana and Chitapamoyo pegmatites, 
respectively, were analysed with XRF for major oxides and trace elements (Tables 4.8 & 
4.9). The samples have high concentrations of Fe2O3(t) (46.17 to 59.44 wt %) and TiO2 
(39.83 to 45.76 wt %), while MnO and SiO2 show low values of 2.9 to 4.25 wt% and 0.52 
and 2.24 wt%, respectively. Al2O3, MgO, CaO, Na2O, K2O, P2O5 and Cr2O3 have 
concentrations of less than 1 wt % in both samples. The high concentrations of Fe2O3 and 
TiO2 positively complement the XRD identification of the minerals. Trace element 
concentrations for the Fe-Ti oxide minerals show high values for Nb (2533 to 4167 ppm) and 
Ta (1304 to 2092) ppm). Other elements with considerable concentrations are Ba (995 to 
1133ppm), Zn (625 ppm to 709 ppm) and V (558 to 779 ppm). Sample M 28 has values 
above 100 for Pb (305 ppm) and Ce (135 ppm), and sample M 29 has high values for Sc (163 
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ppm) and W (137 ppm). The rest of the elements have concentrations of less than 100 ppm in 
both samples. 
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Table 4.6: Major oxide concentrations (wt %) of muscovite samples as determined with XRF analysis 
 
 
Note: [xxx] contains the calculated mean content 
 
 
Pegmatite 
Oxides 
SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Cr2O3 LOI H2O- 
Mperekezi 
(n=1) 45.49 0.06 32.64 4.99 0.079 1.14 0.01 0.53 10.35 0.01 <0.001 4.29 0.51 
  [45.49] [0.06] [32.64] [4.99] [o.079] [1.14] [0.01] [0.53] [10.35] [0.010] [<0.001] [4.29] [0.51] 
Mbuliwiza 
(n=3) 
46.04 - 
48.38 
0.06 - 
0.09 
32.98 - 
34.68 
3.53 - 
3.85 
0.055 - 
0.083 
0.49 - 
0.60 
0.01 - 
0.02 
0.30 - 
0.75 
9.35 - 
9.95 
0.025 - 
0.035 
<0.001 - 
0.004 
4.17 - 
4.78 
0.48 - 
0.54 
  [47.41] [0.07] [33.75] [3.74] [0.074] [0.54] [0.02] [0.56] [9.59] [0.031] 0.003 [4.47] [0.50] 
Majiyasawa 
(n=2) 
45.29 - 
46.51 
0.24 - 
0.32 
32.96 - 
33.23 
4.45 - 
4.98 
0.061 - 
0.084 
0.74 - 
1.04 
0.01 - 
0.02 
0.14 - 
0.73 
10.20 - 
10.30 
0.006 - 
0.027 
0.001 - 
0.006 
4.22 - 
4.78 
0.24 - 
0.39 
  [45.90] [0.28] [33.09] [4.72] [0.072] [0.89] [0.01] [0.44] [10.20] [0.017] [0.003] [4.47] [0.31] 
Chitapamoyo 
(n=1) 44.23 0.66 30.46 10.56 0.0325 0.8 0.03 0.62 9.51 0.021 0.033 
4.22 - 
4.35 0.36 
  [44.23] [0.66] [30.46] [10.56] [0.0325] [0.80] [0.03] [0.62] [9.51] [0.021] [0.033] [4.28] [0.36] 
Mtende 
(n=3) 
43.28 - 
46.31 
0.64 - 
0.72 
31.23 - 
31. 57 
5.54 - 
7.55 
0.065 - 
0.073 
1.04 - 
1.05 
0.01 - 
0.04 
0.11 - 
0.61 
10.10 - 
11.05 
0.007 - 
0.018 
0.004 - 
0.021 
3.70 - 
4.63 
0.14 - 
0.58 
  [44.47] [0.68] [31.56] [6.38] 0.068 [1.04] [0.02] [0.43] [10.73] [0.012] [0.010] [4.15] [0.40] 
Thoza (n=4) 
44.23 - 
46.88 
0.25 - 
0.62 
32.15 - 
33.35 
4.84 - 
5.05 
0.0125 - 
0.288 
0.18 - 
1.02 
0.01 - 
0.02 
0.23 - 
0.70 
10.06 - 
11.08 
0.009 - 
0.012 <0.001 
4.23 - 
4.69 
0.19 - 
0.61 
 
[45.47] [0.43] [32..84] [4.90] [0.194] [0.63] [0.01] [0.57] [10.36] [0.010] [<0.001] [4.48] [0.42] 
 81 
 
 
Table 4.7: Concentration of selected trace elemements (ppm) for muscovite as determined with XRF analysis. 
 
Note: [xxx] the calculated mean contents 
 
 
Pegmatite 
Elements 
Ba Cs Ga Nb Rb Sr Ta Tl V W Y Zn 
Mperekezi 
(n=1) 161 390 98 225 2815 5.1 248 15 79 14 5.2 114 
  [161] [390] [98] [225] [2815] [5.1] [248] [15] [79] [14] [5.2] [114] 
Mbuliwiza 
(n=3) 21 - 40 141 - 411 129 - 148 268 - 304 
3699 - 
5151 
4.9 - 
8.8 
60 - 
126 19 - 30 8.2 - 23 6.9 - 11 7.4 - 43 
157 - 
240 
  [30.6] [270.7] [140.7] [281] [4776] [7.06] [100.3] [26] [13.7] [8.9] 23.1 [211.3] 
Majiyasawa 
(n=2) 27 -28 13 - 77 91 - 104 175 - 268 
1679 - 
2124 
2,4 - 
2.8 23 - 64 8.4 - 11 3.2 - 43 16 - 79 2.2 - 12 60 - 95 
  [27.5] [45] [97.5] [221.5] [1902] [2.6] [43.5] [9.7] [23.1] [47.5] [7.1] [77.5] 
Chitapamoyo 
(n=1) 32 52 147 431 2722 4.2 95 9.7 69 138 <1 126 
  [32] [52] [147] [431] [2722] [4.2] [95] [9.7] [69] [138] [<1] [126] 
Mtende (n=3) 261 - 326 68 - 107 95 - 99 168 - 202 922 - 1123 
6.5 - 
8.5 45 - 55 
5.3 - 
6.7 
119 - 
129 
138 - 
176 <1 - 6.3 46 - 53 
  [297.3] 85.7 [97.7] [184] [1018] 7.8 [49] [5.7] [119] [153.3] [2.3] [50.3] 
Thoza (n=4) 20 - 61 7.4 - 79 113 - 150 217 - 359 
1712 - 
3581 
4.1 - 
4.8 29 - 65 6.0 - 19 4.5 - 12 18 - 29 <1 - 19 
122 - 
585 
[39] [41.5] [130.25] [278.25] [2545] [4.58] [47.75] [12.9 [7.7 [24] [12.1] [331.25] 
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Figure 4.11: (a) Major oxide concentrations (wt %) of the muscovite samples 
determined by XRF 
 
Figure 4.11: (b) Trace element concentrations (ppm) in muscovite as determined by 
XRF 
SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Cr2O3 LOI H2O-
Mperekezi 45.49 0.60 32.64 4.99 0.079 1.14 0.01 0.53 10.35 0.010 0.000 4.29 0.51
Mbuliwiza 47.41 0.07 33.75 3.47 0.074 5.54 0.02 0.56 9.59 0.031 0.003 4.47 0.5
Majiyasawa 45.9 0.28 33.09 4.72 0.072 0.89 0.01 0.44 10.25 0.017 0.003 4.28 0.32
Chitapa Mayo 44.23 0.66 30.46 10.56 0.325 0.80 0.03 0.62 9.51 0.021 0.033 3.26 0.36
Mtende 44.47 0.68 31.57 6.38 0.068 1.04 0.02 0.43 10.73 0.012 0.01 4.15 0.4
Thoza 45.47 0.43 32.84 4.9 0.194 0.63 0.01 0.57 10.36 0.01 0.001 4.48 0.42
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Mperekezi 161 390 98 225 2815 5.1 248 15 79 14 5.2 114
Mbuliwiza 30.6 270.7 140.7 281 4776 7.06 100.3 26 13.7 8.9 23.1 211.3
Majiyasawa 27.5 45 97.5 221.5 1902 2.6 43.5 9.7 23.1 47.5 7.1 77.5
Chitapamoyo 32 52 147 431 2722 4.2 95 9.7 69 138 1 126
Mtende 297.3 85.7 97.7 184 1081 7.8 49 5.7 119 153.3 2.3 50.3
Thoza 39 41.5 130.25 278.25 2545 4.58 47.75 12.9 7.7 24 12.1 331.25
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The sample from Chitapamoyo pegmatite (M 29) was determined with XRD to be ilmenite 
and the XRF results suggest that the sample is mangano-ilmenite which occurs in igneous 
rocks. The sample record a higher MnO value (2.9%) and appreciable amounts of Ta (1304 
ppm) and Nb (4167 ppm), while the sample from Mhana pegmatite (M28) has been 
determined with XRD as ilmeno-rutile and this is confirmed with the XRF results which 
recorded higher concentrations of Nb (2533) and Ta (2092 ppm). Niobium-bearing rutile is 
also known as ilmeno-rutile (Černýet al., 1999). Nb and Ta show high concentrations in Fe-
Ti oxides because Nb and Ta have a close similarity in ionic radius with Ti and can easily 
enter the titanium bearing mineral structure. (Deer et al., 1992; Linnen et al., 2012) 
Table 4.8: Major oxide contents in Fe-Ti oxide, garnet, triplite and beryl determined 
with XRF in wt %. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: 12/76 is secondary amphibolite reference standard. 
 
 
 
Oxides 
 Samples 12/76 
Fe-Ti Oxide Garnet  Triplite  Beryl 
M 28 M 29 M 30 M31 M32 certified results 
SiO2 2.24 0.52 34.81 0.25 74.73 45.42 45.76 
TiO2 45.76 39.83 0.20 0.26 0.01 1.54 1.53 
Al2O3 0.67 0.50 19.35 0.54 18.99 16.62 16.43 
Fe2O3(t) 46.17 59.44 21.77 24.56 1.49 9.73 9.97 
MnO 4.25 2.90 24.40 32.26 0.034 0.180 0.185 
MgO 0.08 0.21 0.28 6.30 0.10 8.150 8.05 
CaO 0.01 <0.01 0.51 1.74 0.02 10.93 10.87 
Na2O <0.01 <0.01 <0.01 <0.01 0.11 3.65 3.29 
K2O 0.02 <0.01 0.02 0.17 2.36 0.70 0.69 
P2O5 0.041 0.013 0.112 29.42 0.002 0.259 0.263 
Cr2O3 0.014 0.019 0.007 0.008 <0.001 0.074 0.064 
L.O.I. 0.78 -3.12 -1.51 4.92 1.28 2.50 2.83 
        
Total 99.86 100.07 99.59 100.36 99.13 99.75 99.91 
        
H2O- 0.17 0.09 0.31 0.80 0.17 0.18 0.13 
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Table 4.9: Trace element contents of Fe-Ti oxide, garnet, triplite and beryl determined 
with XRF in ppm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note GSS-1 is a soil reference standard from IGGS, China 
Element Sample GSS-1 
Fe-Ti oxide Garnet Triplite Beryl 
 MZ 15 MZ 16 MZ 05 MZ 26 MZ 32 Certified Result 
As 5 <4 <4 <4 <4 33.5 34 
Ba 1133 995 643 5168 22 590 630 
Bi 38 22 <3 5.1 <3 1.17 <3 
Br <2 <2 <2 <2 <2 2.9 <2 
Ce 135 37 22 27 <10 70 77 
Co 37 61 24 22 2.3 14.2 18 
Cr <3 56 <3 <3 <3 62 66 
Cs <5 <5 <5 <5 234 9.0 7.8 
Cu 21 8.8 9.3 6.2 <2 21 16 
Ga 4 14 23 <1 19 19.3 20 
Ge 4 1.2 103 <1 4 1.3 1.4 
Hf <3 <3 <3 <3 <3 6.8 6 
La <10 <10 12 59 <10 34 33 
Mo 3 2.7 <2 <2 <2 1.4 <2 
Nb 2533 4167 14 380 4.9 16.6 18 
Nd <10 <10 <10 <10 <10 28 27 
Ni 8 14 21 4.3 2.4 20.4 23 
Pb 305 13 14 12 <2 98 95 
Rb 13 <2 <2 45 254 140 148 
Sc 79 163 15 <3 <3 11.2 12 
Se 26 16 3.2 <1 <1 0.14 <1 
Sm <10 <10 <10 <10 <10 5.2 <10 
Sr 2 <2 2.6 99 7.7 155 164 
Ta 2092 1304 10 44 <2 1.4 <2 
Th <3 <3 6.3 4.9 <3 11.6 16 
Tl 4 3.5 5.1 47 4.4 1.0 <3 
U 24 4.9 <2 90 <2 3.3 2.3 
V 588 779 28 24 6.9 86 90 
W 49 137 5.8 <3 <3 3.1 <3 
Y 13 7.1 834 57 3.1 25 27 
Yb <3 <3 92 <3 <3 2.66 <3 
Zn 625 709 194 2239 204 680 741 
Zr 30 20 18 137 <2 245 261 
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4.4.4.  Geochemistry of garnet  
 
One garnet sample (M 30) from Thoza pegmatite was analysed with XRF for major oxides 
and trace elements (Tables 4.8 & 4.9). SiO2 has the highest concentration of 34.81 wt %, 
followed by MnO (24.40 wt %), Fe2O3 (t) (21.77 wt %) and Al2O3 (19.35 wt%). The other 
oxides recorded low concentrations of less than 1 wt %. 
 
XRF analytical results for trace elements show that Y has the highest concentration of 834 
ppm followed by Ba (643 ppm). Others are Zn (194 ppm) and Ge (103 ppm). The rest of the 
trace elements have concentrations of less than 100 ppm. 
The iron and manganese content of the garnet identifies the garnet as almandine-spessartine 
thus comfirming the XRD results. End member calculation (normalised at 24 oxygen) 
indicated that the garnet sample belong to the pyralspite isomorphous series with the 
following composition: almandine 43.10 %, pyrope 1.1 %, grossular 1.44% and spessartine 
54 %. Thus almandine plus spessartine comprise about 97.47 mol.% which is in agreement 
with the XRD identification of the garnet sample. Černý(1998a) and Selway et al. (2005) 
indicated that, within an individual pegmatite, garnet with more Fe than Mn occurs in the 
wall and contact zones, garnet with Mn almost equal to Fe occurs in intermediate mineral 
assemblages,and Mn-rich garnet (27–41 wt.% MnO) occurs in the inner and replacement 
zones. 
4.4.5. Geochemistry of triplite 
 
One triplite sample, M 31, from Thoza pegmatite was analysed with XRF for major oxides 
and trace elements (Tables 4.8 & 4.9). The results indicate high major oxide concentrations 
for MnO (32. 26 wt %), P2O5 (29. 42 wt %) and Fe2O3(t) (24.56 wt %). Low concentrations 
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were recorded for MgO (6.3 wt %) and CaO (1.74 wt %) while the rest of the major oxides 
have concentrations of less than 1 wt %. 
 
High trace element concentrations in triplite were registered for Ba (5168 ppm), followed by 
Zn (2239 ppm). Considerable concentration was recorded for Nb (380 ppm) and Zr (137 
ppm). Concentrations of less than 100 ppm were recorded for the rest of the trace elements. 
XRF results confirm the earlier XRD identification of the mineral as triplite. The results are 
close to analytical values of triplite reported by other researchers elsewhere e.g. Mineral 
Data, (2001 – 2005); Henderson (s.a). 
4.4.6. Geochemistry of tantalite-columbite 
 
Three specimens of tantalite-columbite (coltan) have been found at Mbuliwiza pegmatite. 
Unfortunately no specimen was provided for laboratory analyses but were tested with a hand 
held XRF. The results are illustrated in Figure 4.12. XRF results indicate that the Coltan 
samples have high concentration of SiO2 (44.5 to 45.1 wt %) followed by Ta2O5 (32.9 to 35 
wt %). Significant concentration of Fe2O3 (t) (10 to 10.7 wt %), which is higher than that of 
MgO (1.14 to 1.19 wt %) was recorded. 
The Ta-Nb oxide minerals of Mbuliwiza mine may provisionally be classified as 
ferrotantalite (with more Fe than Mn and more Ta than Nb). Ferrotantalite occurs in the 
compositional trend of the tantalite-columbite minerals from ferrocolumbite (Fe, Nb) to 
ferrotantalite (Fe, Ta).This trend indicates that the Mn-poor pegmatitic melt fractionated with 
increasing Ta content and the trend is typical of primitive, F-poor, beryl-type and 
spodumene-subtype pegmatites (Černý, 1989b). Ferrotantalite is one of the uncommon 
tantalite-columbite species (Breaks et al., 2003). 
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Figure 4.12: Element concentrations in Ta oxide samples determined with hand held 
XRF. (Expressed in wt %). 
4.5. Evaluation of degree of evolution and mineralization potential of the Mzimba 
pegmatites 
Quartz, K-feldspar, albite, and muscovite are the main granitic pegmatite forming minerals. 
The compositional characteristics of K-feldspar and muscovite (1) provide valuable 
information about the petrogenetic evolution of granitic pegmatites (Černý, 1989b; Alfonso et 
al., 2003),  (2) help to determine the degree of fractionation of the magma and relationships 
among different pegmatites within a pegmatite field (Alfonso et al., 2003; Oyarzabal et al., 
2009) and (3) indicate mineralization potential (economic potential) of pegmatites by the 
trace element content of the feldspars and mica (Möller and Morteani, 1987, Morteaniet al., 
1995, Alfonso et al., 2003). Thus, K-feldspar and muscovite are widely used minerals for the 
assessment of granitic pegmatite bodies. 
Mg Al Si P S Ti Mn Fe Zr Hf Ta Pb Bi LE
MZT 01 0 4.66 44.54 2.253 1.554 0.105 1.195 10.73 0.021 0 34.9 0.013 0.031 0
MZT 02 3.7 4.45 44.68 2.024 1.547 0.124 1.144 10.09 0.02 0 32.18 0.011 0.02 0
MZT 03 0 4.26 45.12 1.664 1.56 0.112 1.187 10.75 0.015 0.235 35 0.051 0.061 0
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A number of investigators (including Gordiyenko, 1971; Möller and Morteani, 1987; 
Morteani et al., 1995; Rieder et al., 1998; Breaks et al., 2003; Selway et al., 2005; Oyarzebal 
et al., 2009), have indicated that K-feldspar is a suitable host for Rb, NH4, Cs, Ca, Sr, Pb, Ba, 
Eu, La and Li in the alkali position, and B, Ga, Ge, Fe, Mg, Ti and P in tetrahedral sites, 
whereas in muscovite the most frequent substitutions are in the interlayer and octahedral 
positions. Quartz hosts trace elements in minute quantities, hence is of less significance as an 
indicator mineral (Möller and Morteani, 1987). 
 
This section presents an evaluation of the mineralization potential of the Mzimba granitic 
pegmatites based on the geochemical attributes of selected elements in K-feldspars and 
muscovite. Variations of trace element content among the feldspars and muscovite from the 
various zones of the pegmatite body are not available. However, assessment focuses on the 
trace element concentrations of the K-feldspars and muscovite in samples collected from the 
intermediate zone. The K/Rb ratio, Nb/Ta ratio and discrimination diagrams of K/Rb versus 
Cs, Pb, Ga, Ba, Ti and Zn for K-feldspars and muscovite are used among others. 
Discrimination diagrams are used to chemically characterize and economically evaluate the 
mineralization potential of the pegmatite. This approach has been adopted with a high degree 
of success by a number of investigators, notably Möller and Morteani (1987), Morteani et al., 
(1995), Breaks and Tindle (1996), Larsen (2002), Alfonso et al. (2003), Selway et al. (2005), 
Adekeye and Akintola (2007), Akintola and Adekeye (2008), Oyazabal et al. (2009), 
Adetunji& Ocan (2010) and Wise and Brown (2010) as an exploration tool for assessing the 
evolution and mineralisation potential for granitic pegmatites (for a single pegmatite body or 
pegmatites in a pegmatite field). 
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4.5.1. Geochemistry of selected indicator trace elements in K-feldspar 
 
K-feldspar crystallises in almost all the zones of a granitic pegmatite and its rare element 
content best reflects the changes in the chemical composition of the pegmatite-forming fluid 
(Möller and Morteani, 1987). K-feldspar samples from the interior zones of a pegmatite are 
usually more enriched in indicator minerals such as Rb and Cs than samples from the exterior 
zones (Selway et al., 2005). According to Gordiyenko (1971); Černý, (1989a) and Breaks et 
al. (2003), bulk analysis of blocky K-feldspar is an excellent exploration tool because the 
mineral occurs in both fertile granites and rare-element pegmatites. The key elements in 
analysis of K-feldspar are K, Na, Si, Rb, and Cs. Elevated Rb and Cs contents indicate that 
the K-feldspar is from a highly fractionated pegmatite, while high Na contents indicating 
albite (antiperthite) and elevated Si contents indicating quartz occur as inclusions or 
intergrowths in graphic K-feldspar hence should be re-sampled (Breaks et al., 2003; Selway 
et al., 2005). 
 
Trace element content of selected indicator elements in K-feldspars of the Mzimba 
pegmatites show great variation amongst the samples as presented in Table 4.10. The mean 
Rb content ranges between 962 ppm for the Mtende pegmatite and 7973 ppm was recorded 
for the Mbuliwiza pegmatite. Generally enrichment of Rb in granitic pegmatites increases 
with degree of fractionation of the magma that crystallised to form the pegmatite. The Rb 
values for the Mzimba pegmatites (except for the Mbuliwiza pegmatite) are lower compared 
to values of more than 3000 ppm Rb for highly evolved rare element pegmatites reported by 
Tindle et al. (2002), Breaks et al. (2003) and Selway et al. (2005). However, other 
researchers reported similar low Rb enrichment in K-feldspars and that it is typical of some 
evolved pegmatites (e.g. Černý et al., 1985, Naiva, 1995, Morteani et al., 1997, Alfonso et 
al., 2003).  
 90 
 
 
 
Table 4.10: Concentrations (ppm) of selected indicator trace elements in K-feldspars  
of the Mzimba pegmatites. K2O given in wt %. 
 
Cs Enrichment in K-feldspars of granitic pegmatites increases with increasing fractionation 
of the pegmatite forming fluid. Cs concentration in the K-feldspars of Mzimba pegmatites 
ranges from 35 ppm (Mtende pegmatite) to 872 ppm (Mbuliwiza pegmatite). Two of the 
studied pegmatites, viz the Mperekezi and Mbuliwiza have mean values of Cs exceeding 100 
ppm. Threshold of more than 100 ppm Cs content is characteristic of highly evolved rare 
element pegmatites as suggested by Tindle et al. (2002). However, lower values of Cs 
(<100ppm) have been reported for moderately evolved pegmatites, for example by Kontak 
(2006), in pegmatites from Nova Scotia in Canada, by Tindle et al. (2002) in beryl-type and 
some complex-type pegmatites of the Separation Lake area in Northwestern Ontario, by 
Alfonso et al. (2003) in Cap De Creus, Catalonia in Spain and by Morteani et al. (1995) at 
Achala in Northwest Argentina. 
Element  
pegmatites 
Mperekezi 
n=2 
Mbuliwiza 
n=2 
Majiyasawa 
n=2 
Chitapamoyo 
n=1 
Mtende 
n=1 
Thoza 
n=3 Range 
Ba 331 62 52 163 51 71 51 - 331 
Cs 120.5 872 74.5 51 35 47.33 35 - 872 
Ga 11.5 18 13 25 18 17 11.5 - 25 
Nb <1 <1 4.05 <1 <1 1.3 < 1 - 4.05 
Pb 50.5 24 40.1 92 79 48.67 24 - 92 
Rb 1428 7973 1862 1702 965 1567 965 - 7973 
Sr 26 14 9.5 33 9.4 25.37 9.4 - 33 
Ta <2 <2 <2 <2 <2 <2 < 2 
Tl 9.75 70.5 14.45 11 7.2 11.78 7.2 - 70.5 
Y 2.7 46 6.6 3.7 1.4 6.6 1.4 - 46 
K2O 14.95 12.22 12.57 13.34 12.72 12.58 12.22 - 14.95 
K 124053.16 101441.46 104304.23 110693.59 105548.91 104387.2 
101441.46 - 
124053.16 
K / Rb 82.99 12.72 56.02 65.04 109.38 66.62 12.72 - 109.38 
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According to Möller and Morteani, (1987), Morteaniet al. (1995), Alfonso et al. (2003) and 
Breaks et al. (2003), the K/Rb ratio in K-feldspars is the best indicator of pegmatite body 
evolution. K-feldspar from highly evolved pegmatite generally has low K/Rb ratio while a 
primitive pegmatite has high K/Rb values. The advantage of using the K/Rb ratio is that it is 
not affected by minor amounts of albite, because albite does not incorporate the two elements 
in its crystal structure (Möller and Morteani, 1987, Oyarzabal et al., 2009).  
 
The K/Rb ratio for K-feldspar of the Mzimba pegmatites ranges between 12.72 and 109.38. A 
K/Rb plot for the pegmatites is illustrated in Figure 4.13. Thus, the Mbuliwiza pegmatite is a 
relatively more evolved pegmatite while the Mtende pegmatite is less evolved or primitive. 
Pegmatites with the highest degree of fractionation (and thus the greatest economic potential 
for Li-Cs-Ta-enrichment) contain white blocky K-feldspar with K/Rb values of less than 30 
(Breaks et al., 2003, Selway et al., 2005). Thus the Mbuliwiza pegmatite qualifies according 
to this cliteria. Nevertheless, similar high K/Rb values have been reported in other pegmatite 
fields for rare element pegmatites, for example, Alfonso et al., (2003) at Cap De Creus, in 
Catalonia, Spain. 
 
Figure 4.13: Plot of K /Rb ratio for K-feldspars of the Mzimba pegmatites. 
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The K/Rb versus Cs and K/Rb versus Rb plot for K-feldspar is one of the standard plots used 
to evaluate the degree of fractionation of a pegmatite and is a measure of the degree of 
substitution of K by Rb in the K-feldspar crystal structure (Breaks et al., 2003). Figures 4.14 
(a) and (b) present plots of K/Rb versus Cs and K/Rb versus Rb for the K-feldspars. The 
K/Rb versus Cs plot and the K/Rb versus Rb plot show negative relationships, thus the trend 
is from less fractionated pegmatites (e.g. the Mtende pegmatite) with high K/Rb ratio and low 
Cs or Rb enrichment to more fractionated pegmatites with a low K/Rb ratio and high Cs or 
Rb values (e.g. the Mbuliwiza pegmatite). The Rb versus Cs plot (Figure 4.14 (c) shows a 
positive relationship between Rb and Cs, thus the trend is from less fractionated pegmatites 
with low Rb or Cs values (e.g the Mtende pegmatite) to more evolved pegmatite with high 
Rb or Cs content (e.g. the Mbuliwiza pegmatite).  
 
   
Figure 4.14: (a) K/Rb versus Cs (b) K/Rb versus Rb bi-variant plots for K-feldspars of 
the Mzimba pegmatites. Mean Cs and Rb contents are given in Table 4.10. 
Pb content of K-feldspars decreases with the increased fractionation of pegmatites (Oyarzabal 
et al., 2009). The mean value for Pb content of the Mzimba pegmatites ranges from 24 ppm 
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for the Mbuliwiza pegmatite to 92 ppm for the Chitapamoyo pegmatite. Figure 4.14 (d) is a 
plot of K/Rb versus Pb and shows a positive relationship. The samples for the Mbuliwiza 
pegmatite plot in a field of low K/Rb ratio and low Pb content, indicating that the pegmatite 
is relatively more evolved. K-feldspar samples for the Majiyasawa, Chitapamoyo, Thoza and 
Mperekezi pegmatites plot at intermediate K/Rb ratio (56.02 to 66.62) and Pb contents 
indicating moderate evolution while those for the Mtende pegmatite plot with high K/Rb ratio 
and high Pb content indicating that it is less evolved or primitive pegmatite. 
  
Figure 4.14: (c) Rb versus Cs. (d) K/Rb versus Pb bi-variant plots for K-feldspars of the 
Mzimba pegmatites. Mean Pb, Cs and Rb contents are given in Table 4.10.  
 
Ba and Sr contents in K-feldspars of granitic pegmatites are commonly used as indicators of 
the evolution trends for pegmatites and enrichment of each element decreases with advancing 
fractionation of the granitic melt (Alfonso et al., 2003; Oyarzabal et al., 2009). The Ba 
content of the K-feldspars for the Mzimba pegmatites ranges from 51 ppm (for the Mtende 
pegmatite) to 331 ppm (for the Mperekezi pegmatite). Sr concentration ranges from 9.4 ppm 
(for the Mtende pegmatite) to 33 ppm (for the Chitapamoyo pegmatite). Plots for K/Rb 
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versus Ba and K/Rb versus Sr are illustrated in Figure 4.14 (e) and (f) though their 
distribution is rather erratic but the plot generally show positive relationships, thus decreasing 
with decrease in K/Rb ratio (fractionation). Thus, the Mbuliwiza pegmatite, followed by the 
Majiyasawa pegmatite should be relatively more evolved with higher potential for 
mineralization while, the Mtende pegmatite is a less evolved or primitive pegmatite.  
 
  
Figure 4.14: (e) K/Rb versus Ba (f) K/Rb versus Sr bi-variant plots for K-feldspars of 
the Mzimba pegmatites. The mean Ba and Sr contents are given in Table 4.10. 
The Y content of muscovite for the pegmatites ranges between 1.4 and 46 ppm. Increase in 
fractionation manifests in an increase in the Y content of pegmatites. The K/Rb versus Y bi-
variant plot illustrated in Figure 4.14 (g) shows that the samples plot in three fields with the 
samples from the Mtende pegmatite plotting high K/Rb ratio and low Y content. Those from 
Mperekezi, Chitapamoyo, Thoza and Majiyasawa pegmatites plot intermediate K/Rb ratio 
and Y contents. The Mbuliwiza pegmatite plots in the lower right section of the field having 
lower K/Rb ratio and higher Y content, indicating high fractionation with regard to Y. Tl 
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content of the K-feldspars ranges between 7.2 ppm (Mtende pegmatite) and 70.5 ppm 
(Mbuliwiza). The K/Rb versus Tl plot is illustrated in Figure 4.14 (h) with the trend being 
similar to that of Y, the samples from the Mtende pegmatite plot in the field of high K/Rb 
ratio and low Tl, values indicating low fractionation with regard to Tl, while the samples 
from Mbuliwiza plot in the field with low K/Rb value and high Tl content, indicating higher 
fractionation of the pegmatite magma with regard to Tl. 
 
  
Figure 4.14: (g) K/Rb versus Y (h) K/Rb versus Tl bi-variant plots of K-feldspars for 
the Mzimba pegmatites. Mean Y and Tl contents are given in Table 4.10. 
K-feldspars for the Mzimba pegmatites have recorded low concentrations of Ta (<2 to 3.5 
ppm) and Nb (<1 to 8.1 ppm). According to Möller and Morteani (1987) and Akintola and 
Adekeye (2008), the low Ta contents in the K-feldspars are attributed to the fact that TaO3 
cannot enter the fully polymerized (AlSi) O4 network of the K-feldspar. Some Ta, if not all, is 
expected to be found as tiny solid inclusions. Low tantalum levels in feldspars have also been 
reported at various localities by Möller and Morteani (1987) and by Linnen et al., (2012). 
 96 
 
 
4.5.2. Geochemistry of selected indicator trace elements in muscovite of the Mzimba 
pegmatites 
 
According to Gordiyenko (1971); Černý (1989a), Breaks et al. (2003) and Selway et al. 
(2005), analysis of muscovite books is an excellent exploration tool because muscovite 
occurs in both fertile granites and rare-element pegmatite and, furthermore, it is a good 
indicator of possible Ta mineralization. The five key elements in the analysis of muscovite 
are Li, K, Rb, Cs, Nb and Ta.The means of selected trace element concentrations in 
muscovite of the Mzimba pegmatites is presented in Table 4.11. 
 
Table 4.11: Mean concentration (ppm) of selected indicator trace elements in muscovite 
of the Mzimba pegmatites. K2O given in wt %. 
 
The enrichment of Rb and Cs in granitic magma tends to increase with the fractionation of 
the magma, hence the concentration of these elements in pegmatite bodies. The mean Rb 
Element  
Pegmatites 
Mperekezi 
n=2 
Mbuliwiza 
n=2 
Majiyasawa 
n=2 
Chitapamoyo 
n=1 
Mtende 
n=1 
Thoza 
n=3 Range 
Cs 390 270.7 45 52 85.7 41.5 41.5 - 390 
Ga 98 140.7 97.5 147 97.7 130.25 97.5 - 147 
Nb 225 281 221.5 431 184 278.25 184 - 431 
Rb 2815 4776 1902 2722 1081 2545 1081 - 4776 
Ta 248 100.3 43.5 95 49 47.75 43.5 - 248 
W 14 8.9 47.5 138 153.3 24 8.9 - 153.3 
Y 5.2 23.1 7.1 1 2.3 12.1 1 - 23.1 
Zn 114 211.3 77.5 126 50.3 331.25 50.3 - 331.25 
K2O 10.35 9.59 10.25 9.51 10.73 10.36 9.51 - 10.73 
K 85882.99 79548.94 85053.2 78912.77 89036.17 85945.21 
78712.77 - 
89036.17 
K /Rb 30.51 16.66 44.72 28.99 82.36 33.77 16.66 - 82.36 
Nb / Ta 0.91 2.8 5.09 4.54 3.76 5.83 0.91 -5.83 
Ta/W 17.7 12.38 0.92 0.69 0.32 1.99 0.32 – 17.7 
K /Cs 220.21 293.86 1890.07 1517.55 1038.93 2070.97 220.21 - 2070. 97 
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concentrations of muscovite for the Mzimba pegmatites range between 1081 ppm for the 
Mtende pegmatite and 4776 ppm for the Mbuliwiza pegmatite, whereas the mean Cs content 
ranges between 41.5 ppm for the Thoza pegmatite and 390 ppm for the Mperekezi pegmatite. 
 
The K/Rb ratio of muscovite is the best indicator of pegmatite fractionation and the ratio 
decreases with increased differentiation of magma (Möller and Morteani, 1987; Viana et al., 
2007). The mean K/Rb ratio for the muscovite of the Mzimba pegmatites ranges between 
16.66 (Mbuliwiza pegmatite) and 82.36 (Mtende pegmatite). A plot of the K/Rb ratio for the 
muscovite is illustrated in Figure 4.15.Thus it can be deduced that the Mbuliwiza pegmatite is 
more evolved than the other pegmatites. 
 
 
Figure 4.15: Plot of K/Rb ratio for muscovite of the Mzimba pegmatites 
  
Plots of K/Rb versus Cs and K/Rb versus Rb for muscovite are used to evaluate the degree of 
fractionation of a pegmatite (Figure 4.16) (a) & (b). The plots generally show negative 
relationships. The samples from the Mbuliwiza pegmatite plot at positions of low K/Rb ratio 
and high Cs or Rb value. This relationship indicates that the pegmatite from which the 
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samples were collected is more evolved and hence has potential for mineralisation. Samples 
for the Chitapamoyo, Mperekezi, Majiyasawa and Thoza pegmatite plot at intermediate K/Rb 
ratio and Cs and Rb content values. This indicates that these pegmatites are moderately 
evolved.  Samples of the Mtende pegmatite plot at high K/Rb ratio and low Cs or Rb values 
indicating that the samples are from a pegmatite that underwent low magmatic fluid 
fractionation (primitive) and hence may have low prospects for mineralisation. 
 
  
Figure 4.16: (a) K/Rb versus Cs (b) K/Rb versus Rb bi-variant plots for muscovite of 
the Mzimba pegmatites. Mean Cs and Rb contents are given in Table 4.11. 
The Ga content of the Mzimba pegmatites ranges from 97.5 ppm (for the Majiyasawa 
pegmatite) to 147 ppm (for the Chitapamoyo pegmatite). During fractional crystallisation of 
magma Ga gets enriched in the residual magma that may eventually crystallise to form 
pegmatites. Thus Ga is used as a good indicator of fractionation of magma (Möller and 
Morteani, 1987; Viana et al., 2007). Therefore, Ga concentration in muscovite increases with 
decreasing K/Rb ratio. The K/Rb versus Ga plot is illustrated in Figure 4.16 (c) and shows a 
negative relationship from less evolved pegmatites (e.g. Majiyasawa and Mtende pegmatite) 
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to more evolved pegmatite (e.g. Mbuliwiza pegmatite). The Ga content of muscovite also 
increases with increasing fractionation of incompatible elements such as Ta (Möller and 
Morteani, 1997). The Ta versus Ga plot illustrated in Figure 4.16 (d) shows a positive 
relationship between Ta and Ga. It can be deduced from the plot that the Mbuliwiza 
pegmatite has higher potential for Ta mineralization and the Majiyasawa and the Mtende 
pegmatites have the least potential. Thus, enrichment of Ga in muscovite can be used as an 
effective exploration tool towards prospecting for Ta mineralisation in pegmatites. 
 
 
Figure 4.16: (c) K/Rb versus Ga (d) Ta versus Ga bi-variant plots for muscovite of the 
Mzimba pegmatites. Mean Ta and Ga contents are given in Table 4.11. 
Concentration of Zn in muscovite of granitic pegmatite increases with increase in 
fractionation of granitic magma hence is used as an indicator of fractionation of pegmatitic 
magma (Viana et al., 2007). The mean values for the concentration of Zn in the Mzimba 
pegmatites range between 50.3 ppm for the Mtende pegmatite and 331.25 ppm for the Thoza 
pegmatite). The K/Rb versus Zn plot is illustrated in Figure 6.14 (e). The trend is from 
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pegmatite samples with high K/Rb ratio and low Zn concentration to low K/Rb ratio and high 
Zn concentration values. 
 
The Ta/W ratio increases with increasing Cs content of muscovite. According to Möller and 
Morteani, (1987) WO2
-2
 just like TaO3
-
 is not known to substitute the highly polymerized (Si, 
Al)O4 tetrahedra. Thus, the increase of Ta/W ratio with increasing Cs content demonstrates 
that Ta and W are fractionated. The mean Ta/W ratio of the Mzimba pegmatites ranges 
between 0.32 (for Mtende pegmatite) and 17.7 (for Mperekezi pegmatite). The mean W 
content of the pegmatites ranges between 8.09 ppm (for Mbuliwiza pegmatite) to 153.3 ppm 
(for Mtende pegmatite). The Ta/W versus W plot illustrated in Figure 4.16 (f) indicates that 
the Mperekezi and Mbuliwiza samples are from evolved pegmatites while the Mtende 
pegmatite is the least fractionated with respect to W. 
 
Tantalum enrichment of muscovite for pegmatites increases with degree of evolution of the 
pegmatite (Möller and Morteani, 1987; Oyarzabal et al., 2009). The mean Ta concentration 
of muscovite of the Mzimba pegmatites ranges from 43.5 ppm (for Majiyasawa pegmatite) to 
248 ppm (for Mperekezi pegmatite) while Nb concentrations range from 184 ppm (for 
Mtende pegmatite) to 431 ppm (for Chitapamoyo pegmatite). 
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Figure 4.16: (e) K/Rb versus Zn bi-variant plot and (f) Ta/W versus W bi-variant plot 
for the muscovite of the Mzimba pegmatite. Mean Ta/W ratio, Zn and W contents are 
given in Table 4.11. 
 
The Ta versus Cs plot is the principal and excellent exploration tool for Ta oxide 
mineralization in pegmatites (Möller and Morteani, 1987; Morteani et al., 1995, Breaks et al., 
2003). Similarly, the Ta versus K/Cs plot as it measures both the fractionation and Ta 
mineralisation potential for pegmatites. Ta versus Cs and Ta versus K/Cs plots are illustrated 
in Figure 4.17 (a) and (b) respectively. Ta concentrations of more than 20 ppm are 
characteristic of columbo-tantalite pegmatites, whereas an upper threshold of 65 ppm - 70 
ppm Ta in muscovite indicates that the pegmatite has a high probability of containing Ta-Nb 
mineralisation (Möller and Morteani, 1987; Morteani et al., 1995; Selway et al., 2005; 
Akintola and Adekeye, 2008). Ta versus Cs and Ta versus K/Cs plots for muscovite of the 
pegmatites indicate that Ta concentration values for all the pegmatites plot above the lower 
limit of Ta mineralisation proposed by Beus (1966), indicating a high probability for Ta 
mineralisation. Moreover, Ta values of the Mperekezi, Mbuliwiza and Chitapamoyo 
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pegmatite plot above the 65-70 ppm threshold proposed by Gordiyenko (1971), and 
indicating Ta mineralisation with a high degree of certainty for the pegmatites.  
 
 
Figure 4.17: (a) Ta versus Cs and (b) Ta versus K/Cs compositional plots for muscovite 
as an indicator of possible tantalum mineralisation potential for the Mzimba 
pegmatites. Mean Ta contents are given in Table 4.11. 
Note: The threshold of tantalum mineralisation is 20 ppm (X) Ta as proposed by Beus 
and 65-70 ppm (Y) for Ta mineralization potential as proposed by Gordiyenko 
(1971) in Möller and Morteani, (1987) and Selway et al., (2005). 
4.6. Summary 
 
The trace element content in K-feldspars and muscovite is fundamental in the determination 
of the degree of fractionation of magmatic fluid that crystallised to form a pegmatite and also 
in determining the mineralisation potential of a pegmatite. The geochemical attributes of K, 
Rb, Cs, Ta and Nb are the most important and most frequently used indicator trace elements. 
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Trace element content in the K-feldspars for the investigated Mzimba pegmatites shows great 
variations. K-feldspar from the Mbuliwiza pegmatite has high concentrations of Rb (7973 
ppm), Cs (872 ppm) and Y (46 ppm) and with low Nb (<1 ppm), Ta (<2 ppm) and lowest 
K/Rb ratio (12.22), followed by the Majiyasawa pegmatite and the Chitapamoyo pegmatite, 
respectively. On the other hand, K-feldspar from the Mtende pegmatite has very low 
concentrations for Rb (965 ppm), Nb (<1 ppm), Cs (35 ppm) Ta (< 2 ppm) and Y (1.4 ppm) 
and has the highest K/Rb ratio (109). The K-feldspars have very low Ta and Nb contents. 
 
Muscovite for the Mbuliwiza pegmatite recorded the lowest K/Rb ratio (16.66). Furthermore, 
it has elevated mean concentrations of Rb (4779 ppm), Nb (281 ppm), Cs (270.7 ppm), Ga 
(140.7 ppm), and Ta (100.3 ppm). On the other hand, Muscovite from the Mtende pegmatite 
has the highest K/Rb ratio (82.36) and furthermore has high Ba (297.3) and W (153.3 ppm). 
The pegmatite also has low values for Rb (1081 ppm), Ga (97.7 ppm), Nb (184 ppm), Zn 
(50.3 ppm) and Ta (49 ppm).  
 
Comparisons of trace elements in K-feldspar and muscovite (Tables 4.11 and 4.12) show that 
the muscovite has higher concentrations of Cs, Nb, Rb, Ta, Ga and Zn, while the K- feldspar 
has relatively lower concentrations of these elements. The K/Rb ratios for both K-feldspar 
and muscovite are the principal indicators of degree of pegmatite magma fractionation. It can 
be deduced that the Mbuliwiza pegmatite with the least K/Rb ratio is the most evolved, while 
the Mtende pegmatite with the highest K/Rb ration is the least evolved (primitive).  
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CHAPTER 5: EVALUATION OF THE SOCIO-ECONOMIC SIGNIFICANCE OF 
THE PEGMATITES 
5.0. Introduction 
 
Granitic pegmatites are attractive mining targets because they have potential for simultaneous 
extraction of a variety of ore, industrial minerals, gemstones and exotic mineral specimens 
for collectors. The high concentrations of rare metal mineralisation, high purity of most of the 
industrial minerals and the coarse grain size of the minerals are the main factors favouring the 
exploitation of pegmatites (Černý, 1991a). Pegmatite minerals host many rare elements such 
as Li, Rb, Cs, Be, Ga, Sc, Y, REE, Sn, Nb, Ta, U, Th, Zr and Hf. Industrial minerals such as, 
ceramic and dental feldspar, optical quartz, fluorite, petalite, refractory spodumene, mica and 
ceramic amblygonite are also extracted from pegmatites. Pegmatites also are targets for 
mining of a wide variety of gemstones and mineral specimens. Owing to the smallness of the 
pegmatite deposits, they are usually exploited by artisanal and small scale mining. 
5. 1. An overview of artisanal and small-scale mining (ASM) 
 
A report by the Economic Commission for Africa (ECA) (2002) indicated that there are 
controversies in coming up with a universal definition for ASM. The problem is that different 
countries, organisations and researchers use criteria ranging from investment costs, labour 
requirements, ore production rates, size of concessions, amount of reserves, annual sales or 
any combination of these to describe ASM. According to Hentschel et al. (2003), ASM refers 
to mining by individuals, groups, families or co-operatives with minimal or no 
mechanization, often in the informal (illegal) sector of the economy. Some countries have 
made a distinction between artisanal mining and small-scale mining where the former is 
associated with illegal activities and minimal mechanisation, and the latter, with semi-
mechanisation and organisation (Centre for Development Studies [CDS], 2004). 
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The Southern African Development Community (SADC) Mining Coordinating Unit 
categorizes ASM into three (ECA, 2002):  
 Micro-scale mining or manual mining with simple tools without using mechanical 
energy. 
 Manual mining, well organized, using some mechanical energy and plant with 
required investment between US$10,000 and US$100,000. 
 Industrial small-scale mining or small mines using modern, adapted technology and 
with required investment of US$200,000 to $3 million.  
The ASM exploiting the Mzimba pegmatites is categorized in this study as Micro-scale 
mining with refence to the SADC Mining Coordinating Unit criteria. A report by the World 
Bank (2009) indicated that ASM is practiced in about 50 countries by people who live in the 
poorest and most remote rural areas, with few employment alternatives. The same report 
indicates that at least 20 million people engage in ASM and a further 100 million depend on 
it for their livelihood. Women are estimated to constitute approximately 30 % of the ASM 
sector. The numbers of people engaged in ASM are growing in line with higher prices and 
demand for minerals both in developed countries and emerging economies such as China and 
India. Other factors are abject poverty caused by natural disasters (e.g. drought), national 
economic recession resulting in reduction of job opportunities in the formal sector and 
political conflicts (D’Souza, 2003). Hoadley and Limpitlow (s.a) observed that there is a 
correlation between the human development index (HDI) position of countries and the 
proportion of total workforce engaged in ASM. The trend is usuaaly for countries with a low 
HDI position to have a large proportion of workers engaged in ASM. 
 
Commodities exploited by ASM include gemstones, gold, copper, cobalt, coltan, coal, and 
industrial minerals. A report by ECA (2002) estimated that globally, 15-20% of the value of 
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precious metals, gemstones, building materials and (mostly) non-fuel minerals comes from 
ASM operations. Statistics related to this sub-sector are difficult to ascertain but the socio-
economic impact at household and national level is significant.  
 
Hentschel et al. (2002) made the observation that the large numbers of workers involved in 
ASM means that, on a national scale, total production can be significant, in some cases 
equaling or exceeding production by large mines. CDS (2004) observed that small-scale 
mining activity is significant to the local socio-economy given the exploitive nature of large-
scale mines. It is their view that most large-scale mining operations (both in developing and 
less developed countries) are predominantly foreign-owned and repatriate the majority of 
revenues generated. The revenues generated by small-scale mining activities are generally 
retained within the host country and are invested there. Thus the ASM sector is recognised as 
a significant generator of rural livelihoods that has the potential to alleviate poverty and be a 
tool for sustainable development, hence needs support from governments and its development 
partner organisations. 
5.2. Artisanal and small-scale mining of the granitic pegmatite resources in Mzimba 
District 
Malawi describes ASM as mining activities that exploit small deposits in remote areas from 
where it is generally difficult to get products to the market. The operations are labour 
intensive, low paying, hazardous, and largely unregulated (MNREE, 2009). Dreschler (2001) 
categorised all mining activities in Malawi as falling within the artisanal and small-scale 
mining category (except for the Kayarekera Uranium Mine which was commissioned in 
2009).  
Hentschel et al. (2002; 2003) outlined characteristics of ASM globally and which are also 
valid for the ASM operations of the Mzimba pegmatites. These include the following: 
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1).  Lack, or limited use, of mechanization and much physically demanding work. 
2).  Low level of occupational safety and health care. 
3).  Poor qualifications of personnel at all levels of the operation. 
4).  Inefficiency in exploitation and processing of mineral production (low 
recovery value). 
5).  Exploitation of marginal and/or very small deposits, which are not 
economically exploitable by mechanized mining. 
6).  Low level of productivity. 
7).  Low level of salaries and income. 
8).  Periodic operation by local peasants by season or according to market price 
developments. 
9).  Lack of social security such as insurance, medical aid and gratuity. 
10). Insufficient consideration of environmental issues. 
11).  Chronic lack of working and investment capital. 
12).  Most working without legal mining titles. 
 
In 2010 there were 71 small-scale miners licensed in Malawi and 27 (approximately 38%) 
were registered in Mzimba District prospecting for various pegmatite resources. In 2011 the 
number of licensed miners in Mzimba rose to 35. The actual number of small-scale miners 
exploiting the pegmatites is not known because of the informal nature of most of the 
operations (DOM, 2011). 
5.2.1. Mineral resources in the granitic pegmatites of Mzimba 
 
The quantity and quality of the pegmatite resources in the Mzimba granitic pegmatites are 
barely known. It is beyond the scope of this study to establish estimates. Naturally, 
pegmatites have variable shapes, internal structure, irregular distribution of economic 
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minerals and unknown extent at depth. These factors complicate the effective evaluations of 
the resources that pegmatites contain (Černý, 1989b; Minnaar and Theart, 2006). The 
pegmatites in Mzimba district are exploited by artisanal and small scale miners. Usually, 
there is no proper evaluation of the pegmatite before mining commences. Buyers may send 
the minerals for laboratory tests but such information is kept private to avoid attraction of 
more investors and paying higher prices should the quality of the minerals be known. Mine 
production figures are scanty, unreliable or non-existent. These factors compromise the 
reliability of most of the available data. 
 
Exploitation of the pegmatite resources in Mzimba District dates back to the late1940s with 
mining of mica for the export market. Mining of the gemstones and ornamental stones started 
in the 1970’s by a few individuals who had learnt the trade from the neighboring Lundazi 
pegmatite belt in Zambia. The primary economic mineral sought from the pegmatites is 
aquamarine, followed by rose quartz, with others being tantalite-columbite, amethyst, 
emerald, garnet, tourmaline and assorted collectors mineral specimens (Figure 5.1). There 
also is potential for feldspar, mica (mined commercially in the 1950s), and Fe-Ti oxide which 
currently are not being exploited commercially due to lack of demand and hence are dumped 
as mine waste. Figure 5.2 presents an illustration of minerals being prospected by artisanal 
and small scale miners in the Mzimba pegmatites. 
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Figure 5.1: Location of pegmatites and minerals being prospected for in the Mzimba 
pegmatites. Based on mining claims issued by DOM in 2011. 
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Figure 5.2: Proportions of minerals being prospected for by small-scale miners in 
Mzimba pegmatites, based on mining claims issued in 2011. (Data from DOM, 2011). 
5.2.2. Mining operations of the pegmatite resources in the Mzimba area 
 
Artisanal and small-scale mining has no proper exploration programme. Often, mining 
commences upon discovery of minerals as float or following up on some indicator minerals. 
Open pit mining methods are used to exploit the pegmatite resources in Mzimba. The process 
involves manual labour using simple tools like hoes, crowbars, picks, chisels, shovels and 
buckets to remove the overburden and mine the pegmatite ore. Steps made on the face of the 
pits or ladders made from wooden poles and ropes are used to get in and out of the deeper 
parts of the pit. The ore is broken off the host rocks by hammer and chisel and is sorted by 
hand. Visual physical characteristics of colour, lustre, flaws and size are used to grade the 
pegmatite minerals (Plate 5.1). Stripped overburden and gangue are dumped around the pits. 
There is no proper designing of the mine pits, hence they have very steep unstable walls with 
high risk of caving in (Plate 5.2). There is gross breach of health and safety regulations since 
the miners work without the necessary protective gear (Plate 5.3) 
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                    Plate 5.1: Hand sorting of rose quartz at Mperekezi pegmatite. 
 
 
Plate 5.2: Aquamarine mine. Note the steep walls of the pit without terraces (bench) or 
supports, resulting from lack of mine design. 
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Plate 5.3: Mining with simple tools and without protective gear like boots, helmet, hand 
gloves, goggles, dust mask and shirt at Mbuliwiza mine. 
Most of the small-scale miners in Mzimba operate without valid mining licences and the 
workers have no formal training in mining or related disciplines. Generally, mining is 
seasonal (mainly in the dry season) and selective, depending on demand and prices of the 
minerals and availability of alternative sources of income e.g. work on farms. Financing of 
the mining operations is usually from meagre personal funds. Mine owners do not keep 
proper record of their production figures. Production figures reported to the Department of 
Mines are usually low to evade payment of high royalties (Figure 5.3. and Appendix C1). The 
fact is, in Malawi, the Mzimba district pegmatites are the largest producers of gemstones, and 
so far the only producers of aquamarine and rose quartz in Malawi. 
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Figure 5.3: Production of gemstones and ornamental stones for 2006 to 2010. (Data 
source: DOM, 2011) 
 
Comments: 
 The production figures are declared by the mine owners or mineral dealers 
when obtaining an export permit, hence what is locally traded is often not 
captured. 
 Ornamental stones comprise rose quartz and agate. Rose quartz is mined from 
Mzimba pegmatites and agate from Chikwawa. Rose quartz constitutes not 
less than 70% of the ornamental stones produced in Malawi. 
 The gemstones comprise mainly of aquamarine, ruby, sapphire, garnet, 
tourmaline and quartz varieties other than rose quartz which is classified as an 
ornamental stone. Mzimba remains the main producer of gemstones, 
especially aquamarine, which forms more than 70% of the gemstones 
produced in Malawi. Other important districts that produce gemstones are 
Rumphi and Ntcheu (ruby and sapphire). 
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 The production figures are on the low indicating the fact that most of the 
minerals enter the informal market. Gemstones are easier to smuggle out than 
ornamental stones which are bulky. 
 Reported production picked up from 2008 because the Department of Mines 
intensified efforts to formalise the artisanal and small-scale mining operations. 
5.2.3. Socio-economic benefits of small-scale exploitation of the Mzimba pegmatite 
resources 
 
It is estimated that in Africa 8 million people are engaged in ASM and about 45 million 
people depend on it directly or indirectly (Hentschel et al, 2003). According to the ECA 
(2002) and Hentschel et al. (2003) the most significant contributions of ASM in the socio-
economies of countries include: 
a) Creating alternative economic activities, especially in rural areas where subsistence 
agriculture is the only other means of livelihood, hence poverty alleviation. 
b)  Reducing rural-urban migration, especially by the unemployed youth. 
c)  Maintaining the vital link between people and the land. 
e)  Contributing to national income through taxes, royalties and foreign exchange in 
cases where the minerals are exported. 
f)  Maximising extraction of mineral resources that are too small to be attractive to 
medium and large scale mining operations.  
 
In 2011, there were 21,022 people formally employed by the mining sector in Malawi. The 
gemstone industry was employing 1260 people and mining of ornamental stones employed 
46 people (Appendix C2) (DOM, 2011). Figure 5.4 shows that the gemstone industry was 
employing 6 % of the formal workforce in the mining sector in Malawi and is ranked fifth 
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employer in the mining sector. Furthermore it is estimated that over 20, 000 people are 
engaged in informal mining as artisanal and small scale miners, with the majority involved in 
gemstone and rock aggregate mining (DOM, 2011). 
 
 
Figure 5.4: Proportions of formal employment in the mining sector of Malawi (Data 
from the DOM, 2011) 
Prior to 2008 the contribution of mining to GDP was estimated at 3% and this was dominated 
by gemstones, granulated clay, coal and other minerals. From 2009 to date the contribution of 
the mining sector to GDP has been approximately 10.8 % after the commissioning of the 
Kayerekera Uranium Mine, which is the first modern and large scale mining operation in 
Malawi (MDPC, 2011)  
 
The pegmatites of Mzimba district remain the largest producers of ornamental stones (rose 
quartz) and gemstones (aquamarine). The production figures in Table 5.1 for ornamental 
stones and gemstones are relatively small, but the economic value in terms of money (Malawi 
Kwacha per tonne) is significant. Gemstones and ornamental stones make significant 
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contributions to foreign exchange earnings for Malawi (Appendix C1). Prior to the 
commissioning of the Kayerekera Uranium Mine in 2008, gemstones ranked number one as 
the major foreign exchange earner by the mining sector in Malawi. For example, in 2008, 
gemstones contributed about 38.45 % (and 40.26 % gemstones and ornamental stones 
combined) (Figure 5.5). In 2009 and 2010 gemstones contributed about 6.57 % and 2.01 %, 
respectively, and ranked second after uranium oxide concentrate (Figure 5.6 and 5.7). 
Although the percentage contributions for gemstones have decreased, the income earned has 
substantially increased from 2009 to 2010 (Appendix C1). This is due to the fact that the 
Department of Mines intensified efforts to formalize the ASM through licensing and is 
encouraging formal marketing of the minerals. Thus the exploitation of the pegmatite 
minerals in Mzimba makes a significant contribution to the country’s GDP. ASM also 
contributes substantial amounts of revenue to government in the form of taxes, royalties and 
fees paid. 
 
Small-scale mining is a source of income, hence it stimulates the local economy by 
generating significant local purchasing power and it leads to demand for locally produced 
goods and services (food, tools, equipment, housing, and infrastructure). Cross et al. (2010) 
observed that small-scale mining in rural communities has a trickle down effect on the local 
economy. Even in the case of illegal artisanal mining or the smuggling out of the products, 
the income earned trickles down to the mining region and contributes to a better livelihood at 
household and community level. 
 
It is assumed that the gemstone mining industry has a much bigger potential should it be 
properly regulated and given the necessary support from the government and development 
partners. The support should be aimed at providing necessary technical skills, capital for 
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investment, local value addition of the minerals and curbing smuggling of the mineral 
products.  
Table 5.1: Mineral production and monetary values in Malawi Kwacha (2008 - 2010) 
 
Production 2008 2009 2010 
Type  
Quantity 
(tonnes) 
Value 
(million 
Kwacha) 
Quantity 
(tonnes) 
Value 
(million 
Kwacha) 
Quantity 
(tonnes) 
Value 
(million 
Kwacha) 
Coal  57 477              353.4 59,201 364 79,186.34 627.293 
Cement Limestone 45 980 29.94    47,150 30.7 57,296         38.840 
Agriculture Lime 23 495                                      15.3 25,900 16.84 31,790 123.459 
Uranium oxide 
Concentrate 
- - 58,582 1,287 772.622 18,394.43 
Granulated Clay 7 023                                       34.4 8,050 39.54 1,020 5.355 
Ornamental   Stones 332 7.73 240.6 5.6 435.9 13.861 
Rock aggregate 348,080 696.1 970,550 1,941 989,750 2,050 
Clay Pottery 4 210                                       - - - - - 
Gemstones 11. 9                                      6.5 306.7 253.61 206.98 606.001 
 Terrazzo 10 150 10.4 12,355 12.7 4,434 19.1 
 
(Source:  DOM, 2011) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Figure 5.5: Proportions of income earned from mineral exports in Malawi in 2008. 
(Data from the DOM, 2011) 
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Figure 5.6:  Proportions of income earned from mineral exports in 2009. (Data from the 
DOM, 2011) 
 
 
 
Figure 5.7: Proportions of income earned from mineral exports in 2010. (Data from 
DOM, 2011) 
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5.2.4. Challenges associated with artisanal and small-scale mining of pegmatite in 
Mzimba District 
Artisanal and small-scale mining in many parts of the world is associated with various kinds 
of challenges. These include environmental pollution with effluent and chemicals, 
deforestation, use of dangerous chemicals like mercury and cyanide, siltation of water bodies 
and uncontrolled mining in protected areas (ECA, 2002; Hentschel et al, 2002; Cross et al., 
2010).  
 
Environmental issues associated with the mining of the pegmatites in Mzimba include: 
Deforestation during opening of mines as all the mines are open pits. More damage is caused 
when a bulldozer is occasionally used to remove the overburden to expose the ore. Some of 
the mining operations are done in protected areas, notably the Mperekezi Forest Reserve. 
Although the area of land cleared per mine may be small, the large numbers of mine pits 
combined create a significant environmental problem over time (Plate 5.4 a). 
 
Non-rehabilitation upon mine closure. Pits opened during mining operations are not refilled 
after exhausting the ore or when they have been abandoned for having become too deep and 
dangerous for mining to continue. The abandoned pits fill up with water forming breeding 
grounds for mosquitoes and other pests. The pits are also not fenced off to make them safe to 
people and animals (Plate 5.4 b & c). Stripped overburden and gangue is carelessly dumped 
around the mine pit and is washed into streams causing siltation. This practicece causes 
destruction of the landsape and also makes the land surrounding the mine unusable for other 
purposes like farming and settlement (Plate 5.4 a & d). 
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Smuggling of minerals by mine owners and mineral dealers depriving the country of some 
revenue. It is difficult to formalise trading of the pegmatite minerals and keep inventory of 
production, mainly the gemstones. Most of the mining is illegal and the mines are in remote 
areas. There is also theft by mine workers who usually hold the best stones and sell them to 
gemstone dealers at the expense of the mine owners. The stones are usually smuggled into 
Zambia since the district shares border with Zambia. It is estimated that over 50 % of the 
gemstones from Mzimba pegmatites are smuggled out of the country. The communities also 
tend to harbour and protect illegal miners and dealers making formalisation of the ASM 
difficult.  
 
Lack of capital to finance mining operations. The ASM lack proper mining equipment hence 
mining is largely manual, using simple hand tools. This results in low productivity, poor 
quality stones with lots of cracks and waste since the stones are damaged when freed from the 
host rock using hammers and chisels. Mining of the pegmatites is concentrated in the 
weathered sections of the pegmatite, therefore the stones are usually of low quality since the 
miners lack the proper equipment to break the hard host rocks where good quality stones may 
be found. The miners also lack funds to hire the services of geologists, gemmologists or 
lapidarists who can help them with exploration, mining and value addition of the mineral. As 
a result the open pit mines are poorly designed and are susceptible to collapsing. Usually the 
pit is abandoned even if it is still productive due to depth and to walls caving in. Lack of 
value addition results in selling of rough stones that fetch low prices. Commercial banks do 
not provide loans to small scale miners due to collateral requirements. 
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Mining is mostly done during the dry season with operations being scaled down in the rainy 
season because of farming activities. The pits fill in with rain water and the miners do not 
have the means to pump the water out. All of these factors affect overall annual production. 
 
Mine workers have no formal employment contract or salary. Usually the mine owner is 
required to provide basic necessities such as food rations, groceries and small loans as 
advance payment. The mine workers are paid a small percentage of the proceeds after sales. 
Sometimes mineral dealers provide small loans as advance payment for any valuable mineral 
produced at the mine. This system is usually exploitative of the mine workers. 
 
Sometimes there are land disputes between customary land owners and mineral prospectors. 
Land owners may refuse prospectors access to their land even if they hold valid permits from 
the Ministry of Mining. 
 
  
 
Plate 5.4: Environmental damage caused by pegmatite mining operations in Mzimba. 
(a) An abandoned gemstone mine. A bulldozer was used to remove overburden. Note 
natural vegetation cleared to open up the mine and is left un-rehabilitated. (Men at the 
centre for scale. Thoza mine) (b) An abandoned aquamarine mine, not rehabilitated nor 
fenced for safety. Majiyasawa mine. 
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Plate 5.4: Environmental damage caused by pegmatite mining operations in Mzimba. 
(c) Abandoned rose quartz mine pit filled with water forming a conducive breeding 
ground for pests like mosquitoes Mperekezi pegmatite(d) Gangue and piled overburden 
sliding down slope, may cause siltation of streams. Majiyasawa mine. 
5.2.5. Initiatives being pursued to solve some of the problems faced by artisanal and 
small-scale pegmatite mining in Mzimba 
All mining activities in Malawi, are supposed to adhere to environmental regulations as 
stipulated in the Mines and Minerals Act (1981), Chapter 61:01. Section 96(1) and the 
Malawi Environmental Management Act (EMA) of 1996. It is a requirement by law that the 
damaged area be rehabilitated by the miner. The Government has also included ASM in the 
new Mines and Minerals policy of (2012). The policy is aimed at creating straight forward, 
steady and sustainable development of ASM, integration of ASM into the formal economy 
and promotion of rural development.It has been noted that adherence to mining health and 
safety and environmental laws and regulations is costly, time consuming and frustrating due 
to excessive administrative processes to be followed. With the fact that it does not bring 
income to the mining business, most of the ASM would take the risk of operating 
illegally.The Department of Mines further conducts routine inspection of the mines to 
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encourage best mining practices but most of the mine operators shun such initiatives, taking 
them as prying visits.  
 
The Ministry of Mining has encouraged licensing of artisanal and small-scale mining so that 
they should operate legally. This has helped the government to monitor the ASM sector and 
provide proper training in terms of mining techniques, occupational health and safety and 
environmental management. It has also helped government in soliciting financial and 
technical assistance from co-operating partners.  
 
The Ministry of Mining, in conjunction with the Ministry of Trade and other international 
development partners (e.g. the Commonwealth and the Japanese Government), have pursued 
various initiatives to improve ASM operations. The Department of Mines, in 2006, 
established the Mzimba Gemstone Marketing Centre with the objective of providing a 
platform where the mine owners and dealers could exhibit and trade their stones as a way of 
formalising the marketing of the gemstones and to curb smuggling. The Japanese 
Government, through the One Village One Product Programme (OVOP), donated lapidary 
equipment to the Mzimba Gemstone Marketing Centre in 2008. This was to encourage value 
addition of the stones (Plate 5.5). The Department of Mines provided a building for the 
lapidary workshop and offices and the Commonwealth provided training in gemstone cutting 
and polishing to the small-scale miners. Unfortunately, only a few mine owners and 
gemstone dealers patronise the centre, with the rest still engaging in the informal market with 
rough stones for quick cash. 
 
The Ministry of Mining has also facilitated the formation of mining co-operatives. The mine 
owners in Mzimba have organised themselves and formed the Mzimba Gemstone Mining Co-
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operative Society (other associations are the Gemstone Association of Malawi and the 
Malawi Women in Mining Association (MAWIMA)) with the aim of self empowerment and 
increasing their bargaining power. Unfortunately, less than 40% of the operators are members 
as membership is voluntary. 
 
  
Plate 5.5: Lapidary equipment donated by the Japanese Government through the One 
Village One Product (OVOP) initiative to the Mzimba Gemstone Mining Co-operative 
Society. 
5.2.6. Summary 
 
ASM is described as those mining activities that exploit small deposits, intensively use 
manual labour, have low productivity, operate in remote areas and are usually informal. It is 
estimated that over l00 million people globally depend on ASM for their livelihood. The 
actual number of small-scale miners in Malawi is not known but research has shown that 
more than 90% of mining activities in Malawi are described as artisanal and small scale 
mining operations.  
 
The Mzimba pegmatites are a source of commercially important mineral commodities. The 
most valued mineral is aquamarine, followed by rose quartz. Other minerals that are 
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exploited include amethyst, garnet, tourmaline, emerald, Ta-Nb oxides, Fe-Ti oxides and 
exotic mineral specimens. The pegmatites also host some industrial minerals such as feldspar 
and mica. It is anticipated that profitability of the mines will increase if a market for these 
commodities could be found locally or internationally. One way of achieving this would be 
through improvements in access, by the ASM to information about markets. 
 
Mining of the pegmatites has significant social-economic impact on the economy of Malawi. 
Gemstones provide about 6% of the formal employment in the mining sector. Small scale 
mining of pegmatites is also a source of income to a considerable number of people. 
Gemstone mining is a reliable source of revenue and foreign exchange for Malawi. Prior to 
2009, gemstone exports were the major source of foreign exchange in the mining sector, 
contributing about 38%. Since 2009 it has been the second foreign exchange earner after 
uranium oxide, contributing about 2%. ASM is associated with a number of problems 
including illegal exportation of minerals, breach of health and safety requirements, 
deforestation, lack of rehabilitation of the mined areas and lack of financial and technical 
support to increase productivity. 
 
It is anticipated that the small-scale mining of the pegmatites in Mzimba could make 
tremendous contributions to the local and national economy if it were properly supported and 
regulated. Initiatives should be aimed at enforcing licensing of the small-scale mining 
operations, provision of financial and technical support in order to improve productivity, curb 
smuggling of the minerals through provision of formal markets, value addition to mineral 
products so that they are sold at higher prices, enforcing environmental management 
regulations to encourage sustainable exploitation of the pegmatites and encouraging mining 
safety and health issues.  
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CHAPTER 6: DISCUSSION 
 
It is proposed in this study that the Mzimba pegmatites were generated by differentiation of 
fertile granites rather than being anatectic in origin. Magmatic crystallisation from a flux-rich 
silicate liquid according to the model proposed by Jahns and Burnham (1969) is being 
suggested for these pegmatites. The investigated pegmatites are enriched in rare elements 
such as Ta, Nb, Rb, Cs and Ga, furthermore the K-feldspar and muscovite samples of the 
pegmatites have much lower K/Rb ratios (<109.38 for K-feldspar and <82.36 for muscovite) 
than values from anatectic pegmatites recorded elsewhere (Camp, 2011, in the Alps with 
K/Rb valiues >250 ppm). All of the investigated pegmatites have beryl as an accessory 
mineral, while triplite was found in the Thoza pegmatite only. With reference to the classical 
regional zoning of co-genetic granites and rare element pegmatite groups proposed by Černý 
(1991b) (Figure 6.1) the Mzimba pegmatites are being classified as beryl type pegmatites of 
the Rare Element Class. The Mperekezi, Mbuliwiza, Chitapamoyo, Majiyasawa and Mtende 
pegmatite are further classified as beryl-columbite sub-type while Thoza pegmatite is 
classified as beryl-columbite-phosphate subtype (supported by the presence of triplite in this 
pegmatite). The pegmatites are affiliated to the LCT petrogenetic family of pegmatites 
according to the classification system proposed by Černý and Ercit (2005).  
 
The studied pegmatites show distinctive features that show that they formed from a silicate 
melt containing large quantities of fluxing elements (also known as melt structure modifiers) 
such as Li, B, F, P,  OH−, CO2, HCO3−, CO3
2−
, SO4
2−
, PO4
3−
, H3BO3, and Cl, including high 
water concentrations (Thomas et al., 2012). These reduced the melt viscocity, increased 
element diffusion rates and suppressed formation of crystallisation nuclei. These factors 
promoted the development of distinct mineral textures that predominate in the studied 
granitic pegmatites, with grain size of the minerals being relatively fine grained (mm to cm  
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Figure 6.1: Regional zoning in a co-genetic granite and pegmatite group (Modified from 
Černý, 1991b). The Mzimba pegmatites belong to the beryl-columbite sub-group 
enriched in Be, Nb and Ta. 
scale) in the wall zone and very coarse to mega crystals (cm to m scale) in the intermediate 
and core zones. Skeletal and graphic textures of K-feldspar prevail in the wall zones and 
giant, blocky and monomineralic crystals are found in the intermediate and core zones. 
According to London (2009), the fine-grained and anisotropic fabrics that predominate in the 
outer zones of pegmatites owe their origins to the effects of extreme liquidus undercooling, 
thus crystallisation of melt at a highly metastable (supersaturated) state. The undercooled 
state arises because the high viscosityof the bulk melt inhibits the diffusion that is necessary 
to initiate the nucleation of crystals and also limits the diffusion of Si and Al. Therefore, once 
crystallisation commences finegrained and skeletal or graphic intergrowths of crystals results. 
The very coarsegrained crystals in pegmatites arise because of the build-up of excluded 
fluxes at crystal surfaces which lower the viscosity of a boundary-layer melt. This enables the 
rapid lateral diffusion along the crystal-growth front that is necessary for Al and Si to 
segregate during cooling (London, 2009). 
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According to Thomas and Davidson (2012) high concentrations of alkalis in pegmatite fluids 
also increase the solubility of Al and Si which increase the capacity of the pegmatites to 
sequester high concentrations of rare elements, in some cases to economic concentrations. 
This factor explains the occurrence of rare elements and exotic minerals such as beryl, 
triplite, Ta oxides, Fe-Ti oxides and tourmaline found in the Mzimba pegmatites. The studied 
pegmatites exhibit internal zoning (viz. a border zone, a wall zone, an intermediate zone and 
the core) with the contacts between the zones being sharp or gradational and defined by 
specific mineral assemblages and pegmatitic textures. According to this model, Thomas et al. 
(2012) indicated that the low viscosity of the flux-rich melt promotes high diffusion rate such 
that the pegmatite chamber would act as a single intercommunicating body. Minerals would 
crystallise inwards moving crystallisation front creating zones parallel to the walls with the 
type of minerals to form depending on availability of specific elements and cooling and 
crystallisation controlled by changes in pressure and temperature conditions. Field 
investigations as well as the geological maps do not indicate the existence of a parent pluton 
within or in the vicinity of the study area. Thus, it is suggested that the parent pluton is buried 
deep below the current level of erosion. Furthermore, there is no evidence of forcible 
intrusion of the pegmatites into the country rocks and the pegmatites exhibit cross cutting 
relationships to the host rocks. According to McKenzie (1985), the ability of a melt to 
separate from residual crystals depends principally on viscosity of the melt which also 
facilitates the migration of the pegmatite melt and passive emplacement of pegmatites into 
weak zones of the country rocks far away from the parent pluton.  
 
The main mineral phases of the investigated pegmatites are Quartz, K-feldspar (perthite) and 
muscovite. Accessory minerals include beryl, tourmaline (Schorl), columbite-tantalite 
minerals, Fe – Ti oxides (rutile, ilmenite, haematite and anatase), garnet (spessartine-
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amandine) and triplite. Beryl predominantly occurs in the intermediate zone suggesting that 
Be concentration in the pegmatite melt increased fairly rapidly during crystallisation from the 
wall zone until it reached saturation in the intermediate zone and the margins of the quartz 
core, resulting in the crystallisation of beryl in these zones. The lack of additional Be 
minerals in the core suggests that the pegmatite-forming melt became severely depleted in Be 
following the crystallisation of beryl in the intermediate zone. 
 
The occurrence of tourmaline (schorl) in the wall zone of the Mperekezi and Mtende 
pegmatites suggests that the pegmatite forming melt that crystallised these pegmatites was 
initially enriched with B. The saturation of B progressively decreased during the 
crystallisation of subsequent zones which is manifested by the absence of tourmaline (schorl) 
in the intermediate zone and the core zone. Tourmaline was also observed in the wall rock 
which suggests that some pegmatite fluid enriched with B infiltrated the country rock, 
resulting in the crystallisation of tourmaline in the adjacent host rock. Columbite-tantalite 
mineralisation in the intermediate zone of the Thoza and Chitapamoyo pegmatites suggest 
that the melt became enriched and saturated with respect to Nb and Ta in the intermediate 
zone of the pegmatite. 
 
Triplite was found at the Thoza pegmatite. Triplite forms a solid solution series with 
zwieselite (Fe2PO4F) and magniotriplite (Mg, Fe, Mn, Ca)2 PO4F. The series occurs in the 
late stage of pegmatite evolution (Weinberge, 2007). Its occurrence in the Thoza pegmatite 
suggest that the pegmatite became enriched and saturated with respect to phosphate and 
fluorite during the late stage of pegmatite consolidation, hence the occurrence of triplite in 
the intermediate zone. 
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Trace element content in the K-feldspars for the investigated Mzimba pegmatites shows great 
variations. K-feldspar from the Mbuliwiza pegmatite has high concentrations of Rb (7973 
ppm), Cs (872 ppm) and Y (46 ppm) and with low Nb (<1 ppm), Ta (<2 ppm) and lowest 
K/Rb ratio (12.22), followed by the Majiyasawa pegmatite and the Chitapamoyo pegmatite, 
respectively. On the other hand, K-feldspar from the Mtende pegmatite has very low 
concentrations for Rb (965 ppm), Nb (<1 ppm), Cs (35 ppm) Ta (< 2 ppm) and Y (1.4 ppm) 
and has the highest K/Rb ratio (109). The K-feldspars from all the six pegmatites have very 
low Ta and Nb contents.  
 
Muscovite for the Mbuliwiza pegmatite recorded the lowest K/Rb ratio (16.66). Furthermore, 
it has elevated mean concentrations of Rb (4779 ppm), Nb (281 ppm), Cs (270.7 ppm), Ga 
(140.7 ppm), and Ta (100.3 ppm). On the other hand, Muscovite from the Mtende pegmatite 
has the highest K/Rb ratio (82.36) and furthermore has high Ba (297.3) and W (153.3 ppm). 
The pegmatite also has low values for Rb (1081 ppm), Ga (97.7 ppm), Nb (184 ppm), Zn 
(50.3 ppm) and Ta (49 ppm).  
 
Comparisons of trace elements in K-feldspar and muscovite (Tables 6.9 and 6.10) show that 
the muscovite has higher concentrations of Cs, Nb, Rb, Ta, Ga and Zn, while the K- feldspar 
has relatively lower concentrations of these elements. According to Linnen et al., (2012), Ta 
and Nb have a high ratio of charge to ionic radius (e.g. are high field strength elements 
[HFSE]) hence their partitioning behaviour is very different from that of Li, Rb, and Cs. Thus 
Ta and Nb are highly incompatible in K-feldspars and their bulk distribution coefficients are 
very small. However, they are compatible in muscovite and partition strongly into Ti bearing 
minerals like rutile. Thus, for K-feldspars of the pegmatites, trace elements such as Rb and Cs 
are better indicators of the degree of pegmatite evolution and rare element mineralization 
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potential than the elements Ta and Nb, whereas in muscovite Ta, Cs and Rb are better 
indicators of pegmatite evolution and Ta-Nb oxide mineralisation in pegmatites.  
 
The K/Rb ratios for both K-feldspar and muscovite are the principal indicators of degree of 
pegmatite magma fractionation. Figure 6.2 illustrates the K/Rb plots of the K-feldspar and 
muscovite for the pegmatites. The K/Rb ratios for K-feldspar and muscovite show positive 
relationships. It can be deduced that the Mbuliwiza pegmatite is the most evolved, while the 
Mtende pegmatite is the least evolved (primitive).  
 
K/Rb versus Rb serves as a good indicator of the degree of geochemical evolution of the 
granitic pegmatites. As Rb increases and the ratio of K/Rb decreases, the degree of 
geochemical evolution increases. All the samples show an elevated mean value of Rb 
concentration (>965 ppm for K-feldspars and >1081 for muscovite) indicating all the 
pegmatites sampled are from evolved pegmatites. The localities with the highest Rb 
(>1500ppm) concentration and essentially the highest degree of geochemical fractionation is 
Mbuliwiza followed by the Majiyasawa, Chitapamoyo, Thoza, Mperekezi and Mtende 
pegmatite respectively.  
 
The degree of Ta-Nb fractionation in the Mzimba pegmatites is generally moderate as shown 
by the predominance of columbite (Nb) over tantalite (Ta) in almost all of the pegmatites. 
Only the most evolved pegmatites of Mperekezi, Mbuliwiza and Chitapamoyo show 
significant Ta enrichment of more than 95 ppm. 
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Figure 6.2: K/Rb plots for K-feldspar and muscovite of the Mzimba pegmatites. Highly 
evolved pegmatites have low K/Rb ratio. 
The Ta versus Cs and Ta versus K/Cs plots for muscovite are the most useful tools towards 
the evaluation of a pegmatite for Ta-Nb oxide mineralisation. Application of the Ta versus Cs 
and Ta versus K/Cs variation diagrams suggest that all the pegmatites investigated have 
potential for Ta-Nb mineralisation with the pegmatites at Mperekezi, Mbuliwiza and 
Chitapamoyo having the highest prospectivity since the muscovite samples contain Ta >65 
ppm. The enrichment of Ta in K-feldspars is insignificant (<2 ppm), hence K-feldspar is not 
useful for evaluation of Ta mineralization in pegmatites. 
6.2. An assessment of the mineralisation potential of the Mzimba pegmatites 
6.2.1. Economic significance of granitic pegmatites 
 
Wise (2010) describes the global exploitation of granitic pegmatites as a major source of 
industrial, technological and gemmological materials. Pegmatites are important sources of 
rare-elements and, when present in economic quantities, these elements may be extracted for 
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use in a wide range of technological applications. For example, beryllium is used for 
lightweight alloys, nuclear engineering and electronics. Lithium is used for ceramics, 
pharmaceutical products, lubricants, and lithium-batteries. Tantalum is used for electronic 
capacitors, jet engines and prosthetic devices. Caesium is used in magneto-hydrodynamic 
electric generators as well as biological and medical research, while gallium is used for 
integrated circuits and light-emitting laser diodes. The industrial minerals such as feldspar are 
extracted from pegmatite deposits for use by the glass and ceramic industries. Mica is used 
for construction materials, cosmetics, paints and insulation while quartz is used in the 
ceramic industry, in glass and in solid state electronics. Pegmatites are also a source of 
precious and semi-precious gemstones such as aquamarine, emerald, garnet, sapphire, topaz, 
and tourmaline and collectors’ mineral specimens. According to Černý (1991a), pegmatite 
mining operations compete against deposit types with large tonnages of low grade ore. It is 
only the largest pegmatite deposits which can be exploited economically with mechanised 
operations. Artisanal and small-scale mining of small mineralised pegmatites are abundant 
and contributes a significant proportion of some pegmatite commodities. Following is an 
assessment of mineralization potential for each of the six studied pegmatites of Mzimba. 
6.2.2. Mperekezi pegmatite 
 
Thispegmatite has the highest potential for rose quartz which forms the core of the pegmatite 
it is also principally mined for this mineral and is the largest producer in Malawi (Plate 6.1 a 
& b). The K-feldspars of the Mzimba pegmatites have average K2O content ranging between 
12.58 wt %, Fe2O3 (0.07 wt % to 0.14 wt %), Na2O (0.65 wt % to 3.8 wt %) and CaO (0.02 
wt % to 0.07 wt %). According to specifications outlined in Boelema (1998) the K-feldspars 
of the Mperekezi pegmatite is an ideal source of alkalis and alumina for the manufacture of 
colourless high grade glass, porcelain enamel and ceramic production, among others. Garson 
(1964) estimated 15,000 tonnes of K-feldspar contained in the pegmatite. The Mperekezi 
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pegmatite contains thin books of ruby brown, wedge shaped and distorted muscovite with the 
crystal sizes being less than 10cm wide. Thus the pegmatite is not an ideal source of 
commercial grade muscovite. The K-feldspar and muscovite samples of the pegmatite have 
indicated the highest mineralisation potential for Ta2O5 (0.03 wt %), Cs2O (0.041 wt %) and 
has potential for Rb2O and Nb2O5 (Figures 6.3 a - f). Field investigations found that the 
pegmatite is also a source of blue-green aquamarine and black tourmaline which is recovered 
during the mining of rose quartz. Mineral specimens for collectors are also sourced from the 
pegmatite. 
 
   
Plate 6.1: (a) Rough blocks of rose quartz. Note the rough and cracked surfaces due to 
breaking with hammer. (b) Cut and polished rose quartz at Mzimba Gemstone 
Marketing Centre. The specimens are from Mperekezi pegmatite. 
6.2.3. Mbuliwiza pegmatite 
 
The pegmatite contains muscovite with crystal sizes up to 20 cm wide with the best deposits 
occurring in the intermediate zone. The muscovite is of a brown variety, is without spots and 
generally is of good quality. Sheets can be trimmed to commercial grade muscovite. The 
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quantity of the muscovite deposit is estimated to be small due to the smallness of the 
pegmatite. The K-feldspar has K2O content of 12.22 wt % and Fe2O3 up to 0.11wt % making 
it ideal for the production of high grade glass, porcelain enamel and ceramic ware. The 
pegmatite is mined for gem quality beryl in the form of aquamarine and the goshenite variety 
which occurs in the intermediate zone and the core of the pegmatite (Plate 6.2 a, b & c). 
Since most the mining is concentrated in the weathered part of the pegmatite, most of the 
beryl recovered is weathered and appears corroded hence has less commercial value. Clear 
quartz crystals occurs in rare pockets and is recovered as mineral specimens for collectors. 
Geochemistry of the K-feldspars and muscovite has indicated highest mineralisation potential 
for Rb2O (0.876 wt %), Cs2O (0.092 wt %), Ta2O5 (0.012 wt %) and Nb2O (0.04 wt %). 
(Figures 6.3 a - f). Furthermore ferrotantallite samples from Mbuliwiza pegmatite yielded 
32.9 to 35 wt % Ta2O5. 
 
   
Plate 6.2: (a) Rough aquamarine (b) Faceted aquamarine. (c) Faceted goshenite. 
(Specimens from Mbuliwiza pegmatite cut and polished at Mzimba Gemstone 
Marketing Centre). 
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6.2.4. Majiyasawa pegmatite 
 
The pegmatite contains good quality industrial grade muscovite which is found in the 
intermediate zone. Books of muscovite 10 cm thick and with crystal size up to 25 cm wide 
occur. The quantity of the deposit is very small reducing its commercial viability. K-feldspar 
has K2O content of 12.57 wt % and Fe2O3 up to 0.21 wt % making it ideal for use in the 
manufacture of high grade glass, porcelain enamel and ceramic ware production. The 
pegmatite is mined for aquamarine. The geochemistry of the K-feldspars and muscovite of 
the pegmatite has indicated mineralisation potential for Nb2O (0.032 wt %) and has low 
potential for Ta2O5, Cs2O and Rb2O. (Figures 6.3 a - f).  
6.2.5. Chitapamoyo pegmatite 
 
The intermediate zone of the pegmatite contains sheets of muscovite with crystal sizes up to 
30 cm wide. Most of the muscovite so far exposed is weathered and stained, hence is of no 
commercial value. It is anticipated that good quality muscovite may be found at deeper 
levels. The K-feldspar of the intermediate zone of the pegmatite is weathered to a pink 
porcellanous material. Chemical analysis indicated that the K-feldspar contains 13.34 wt % 
K2O and 0.07 wt % Fe2O3 making it ideal for use in the manufacturing of high grade glass, 
porcelain enamel and ceramic ware production. The geochemistry of the K-feldspar and 
muscovite of the pegmatite has indicated highest potential for Nb2O (0.062 wt %), Ta2O5 
(0.012 wt %) and low mineralisation potential for Rb2O and Cs2O (Figures 6.3 a – f). The 
pegmatite is mined for aquamarine. In parts the quartz core attains amethyst colours and is 
recovered in the form of the precious stone, amethyst (Plate 6.3 a & b). It is also host to Fe-Ti 
oxide minerals (rutile and ilmenite) which occurs in association with quartz of the core but is 
not mined commercially.  
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Plate 6.3: (a) Rough amethyst. (b) Cut and polished amethyst at Mzimba Gemstone 
Marketing Centre.Specimens from Chitapamoyo pegmatite. 
6.2.6. Mtende pegmatite 
 
The pegmatite contains a small deposit of wedge shaped and distorted muscovite up to 12 cm 
wide. Muscovite usually has quartz crystals embedded in between the sheets, making it 
unsuitable for commercial use. K-feldspar of the intermediate zone contains up to 12.72 wt % 
K2O and 0.09 wt % Fe2O3 making it suitable for use in the manufacturing of high grade glass, 
porcelain enamel and ceramic products. The K-feldspars and muscovite of the pegmatite have 
low potential for Ta2O5, Nb2O, Rb2O and Cs2O (Figures 6.3 a- f). The pegmatite is mined for 
aquamarine and black tourmaline which occurs in the intermediate zone and wall zone 
respectively. 
6.2.7. Thoza pegmatite 
 
The pegmatite contains muscovite crystals up to 30cm wide with the large crystals occurring 
in the intermediate zone. The mica is generally clear or only lightly spotted, often the surface 
of the mica sheets has numerous thin parallel raised ridges (rulered). Some books bear thin 
stringers of quartz intruded between the muscovite lamellae which cause contortion of the 
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lamellae and even causing small pin holes in the muscovite sheets. These features reduce the 
commercial value of the muscovite. K-feldspar of the intermediate zone contains on average 
12.58 wt % K2O and 0.14 wt % Fe2O3 making it ideal for industrial use in the manufacture of 
high grade glass, porcelain enamel and ceramic ware production. The K-feldspar and  
muscovite samples of the pegmatite indicate a low mineralization potential for Ta2O5, Nb2O, 
Rb2O and Cs2O (Figure 6.3 a - f). The main mineral mined from the pegmatite is beryl of the 
gem quality aquamarine variety. Beryl from the weathered sections of the pegmatite, which is 
easy to mine, is weathered and appears corroded (Plate 6.6). It is anticipated that good quality 
aquamarine may be found at deeper levels of the pegmatite. Red Garnet (almandine-
spessartine variety) and triplite are also recovered during the mining of aquamarine. 
 
 
Plate 6.5: Hexagonal crystals of beryl. Note the staining of the crystals, characteristic of 
beryl recovered from the weathered zone of the pegmatite. Specimens from Thoza 
pegmatite. 
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Figure 6.3: Average weight % of (a) Rb2O and (b) Cs2O in K-feldspar from the Mzimba 
Pegmatites. 
 
 
 
 
Figure 6.3: Average weight % of (c) Rb2O, (d) Cs2O, (e) Ta2O5 and (f) Nb2O5 in 
muscovite for the Mzimba Pegmatites. 
Key: Mp: Mperekezi; Mb: Mbuliwiza; Ma: Majiyasawa; Ch: Chitapamoyo; Mt: 
Mtende; Th: Thoza pegmatite. 
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The Rb2O, Cs2O, Ta2O5 and Nb2O5 mineralisation for the Mzimba pegmatites are relatively 
low compared to values reported for some of the well studied and mineralized pegmatites 
such as Greenbushes and Wodgina in western Australia, Kenticha pegmatite in Ethiopia, 
Morrua pegmatite in Mozambique, Tanco, Separation Rapids and Harding in Canada, Bikita 
and Kamativi in Zimbabwe (Breaks et al, 2003; Selway et al, 2005; Sinclair, 1996). 
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CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS 
7.1. Conclusions 
 
The studied Mzimba pegmatites are hosted by a mobile belt within the Mozambiquan 
orogenic belt. They intruded into Precambrian metamorphic rocks of the Basement Complex 
of Malawi and are provisionally dated at 485 Ma (Laurs et al, 2007). The pegmatites trend 
NW-SE cross-cutting  the host rocks. 
 
The internal zoning, mineral composition and textures of the Mzimba pegmatites suggest that 
the pegmatites crystallised from a magmatic melt from the margin inwards in the order of 
wall zone, intermediate zone and core. The textures that predominate in the studied granitic 
pegmatites of Mzimba is that the grain size of the minerals is distinct with relatively fine 
grained (mm to cm scale) minerals in the outer zones and very coarse to mega crystals (cm to 
m scale) towards the interior. 
 
Geochemical data suggests that all of the six investigated granitic pegmatites are of the beryl 
type of the Rare-Element class and affiliated to the LCT-petrogenetic family (Černý & Ercit 
2005). They are further characterized by peraluminous compositions associated with 
synorogenic to late orogenic (to anorogenic) peraluminous S, I or mixed S plus I type 
granites. These pegmatites are enriched in are elements such as Rb, Cs, Ta, Nb, Ga, Be and 
Ba. This suggests that the pegmatites are moderately evolved at varying degrees.  
 
The main mineral phases of the pegmatites are quartz, K-feldspar (micropertite and 
macroperthite) and muscovite. Accessory minerals include beryl, tourmaline (schorl), 
columbite-tantalite minerals, Fe – Ti oxides (rutile, ilmenite, haematite and anatase) garnet 
(almandite-spessartine) and triplite.  
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The geochemical attributes of K-feldspars and muscovite have successfully been used in this 
study to evaluate the level of evolution and mineralisation potential of the six pegmatites 
investigated. The K/Rb versus Rb, Cs, Pb and Ga bi-variant plots among others are 
significant for evaluation of degree of evolvement while Ta vs Cs, K/Cs versus Ta and Ta 
versus Ga plots for muscovite have been useful in the evaluation of Ta and Nb mineralisation 
potential for the pegmatites. All the six pegmatites have shown potential for Ta 
mineralization with the Mperekezi, Mbuliwiza and Chitapamoyo having the highest potential. 
These pegmatites are important sources of minerals such aquamarine, goshenite, rose quartz, 
amethyst, columbite, K-feldspar, mica, and mineral specimens being exploited by artisanal 
and small scale miners as a source of livelihood. 
7.2. Recommendations 
 
Similar studies should be conducted for the rest of the pegmatites in the Mzimba pegmatite 
field. The studies should aim at obtaining a comprehensive understanding of the genesis of 
the pegmatites, their geology, mineralogy, geochemisty, geochronology and mineralisation 
potential which can aid the exploration and exploitation of the pegmatite resources. 
Depending on the purpose of the study and available financial resources, investigations 
should employ the use of standard and high resolution analytical methods such as Electron 
Microprobe (EMP) in order to determine elemental composition of the minerals, Energy 
Dispersive micro analysis (EDS, EDX or XEDS) and Fluid inclusion studies 
It is clear from this study that the K-feldspars and muscovite in the pegmatites contain 
invaluable information about pegmatites evolution and mineralisation. Other minerals 
contained in the pegmatites in addition to the K-feldspars and muscovite, viz. beryl, garnets, 
triplite, Fe-Ti minerals, tantalite-columbite, amongst others, should also be studied in detail.  
These pegmatites of Mzimba district have important socio-economic significance hence there 
is need for action to encourage sustainable exploitation of the pegmatite resources through 
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ASM. Such approaches should be aimed at addressing the legal and environmental issues as 
well as promoting best mining practices including value addition and marketing of the 
pegmatites minerals in order to realise maximum benefits from the pegmatite resources. 
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APPENDICES 
Appendix A1: Summary of pegmatites investigated by Holt (1965) in prospecting for 
Mica in Mzimba 
Locality  No of 
mica 
reefs 
Approximate 
length (m) of 
largest 
pegmatite 
Trend 
(0
0 
) 
Remark  
Loudon Road 1 1 30 100 Workings 
Loudun Road 2 1 15  50 Trial pits 
Chemba Hill 1 90 120 Trial pits 
Mphongo Hill 6 76 130 Trial pits and trenches 
Chimombo Hill 4 75 120 Trial pits. Plates of brown spotted 
mica reasonably free of surface 
irregularities up to 5cm in diameter 
Rukurudambo many Not recorded  Trial pits 
Mayuwi Hill 4 170 110 Well defined ridge trial pits 
Bububu 1 30 80 Workings  
Malema Hill 1 60 130 Trial pits and workings 
Kanyenyezi 
Hill 
1 50  Workings  
Mazozo mine 1 120 100 Workings 
Mbundi 2 30 130 Workings 
Kambombo 2 27 ? Exploratory trenching 
Njuyu Hill 3 90 120  
Mbarachanda     
Kavunguti Hill 1 120 160 Trial pitting 
Elangeni 5 46 125 1.5 cm flakes, no thick books, some 
crystals of tourmaline were found, 
occurence of beryl bearing 
pegmatites were also noted 
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Appendix A2: Summary of pegmatites studied in detail by Garson, (1966) 
 
Pegmatite Size 
(outcrop) 
Tonnage 
of mica 
Comment 
Mayuwi  
North 
170m long by 
7.5 wide 
 Consists a core of white quartz within an envelope of intergrown mica and microperthite. 
Mayuwi 
South 
120m long by 
24 m wide 
 Consists of discontinuous core of massive quartz associated with a zone of microperthite. Wedge shaped muscovite up to 20 cm 
across occurs in a contact zone between parts of the quartz core and massive microperthite. The microperthite of the intermediate 
zone occurs in massive form and also as giant crystals. The perthite contains a few patches of semi-radiate, wedge shaped 
muscovite. The outer zone, comprises granular quartz, feldspar (plagioclase and perthite) and small crystals of muscovite up to 1.5 
cm across. The mayuwi pegmatite, inclined steeply to SSE, exhibit intrusive relations to the country gneisses. 
Mphungu  180 m long 15,000 Trends about 60
0
 conformable with the country rock. Has well defined zoning, outer wall zone comprises a finer grained texture of 
quartz, feldspar and mica. Similar but coarser pegmatite occurs in the middle part. A narrow zone of wedge shaped muscovite in 
large crystals occurs between the quartz core and an intermediate zone of massive microperthite. The mica zone is also found 
between the quartz core and the outer wall zone. The quartz bodies are lenticular in places. Small lenses of quartz containing bent 
plates of muscovite occur in the intermediate zone of massive, pink, partly kaolinised microperthite and the quartz-feldspar-mica 
rock. 
Mperekezi   220 m long 
and  
maximum 
width 23m 
15,000 Exhibits a certain degree of segregation into quartz rich central zones within a less quartz rich zone with muscovite and feldspar. 
Contacts between the zones are gradational over 0.3 to 0.6 m and there is a general increase in the sizes of the mineral constituents 
along the line of the pegmatite from north-west to south-east. The core of the pegmatite comprise mainly granular rose quartz and 
thin plates of pale brown muscovite averaging 1cm across occasionally reaching 10 cm. In places the quartz is rose colour. In the 
more feldspar rich zones the muscovite occurs in thicker and larger plates up to 15 cm across. The actual amount of microperthite 
present is less than 25%. No data of chemical composition available.  
Kafungute  18m to 60 m 
wide 
90,000 Reef quartz occurs both as lenticular central core areas in the northern half of the pegmatite and as an inner zone in the southern 
half. Patches of the reef material up to 1m across consist of rose or amythyst quartz. The quartzose areas are enclosed in an 
intermediate zone comprising large crystals of pink microperthite with occasional pockets of wedge shaped mica. Between the 
quartz bodies and the intermediate feldspar zone there is discontinuous development of large, wedge shaped crystals of muscovite. 
This type of mica occurs in association with microperthite along much of the junction between the intermediate zone and the wall 
zone consisting of books of pale brown spotted muscovite and small amounts of pale green mica intergrown with quartz and 
feldspar. Disseminated grains of tourmaline (schorl) occur in parts of the border zone. The discontinuous, monomineralic core 
consists of white and opaque massive quartz with occasional patches of pale rose and purple colour. Between the quartz core and the 
intermediate zone of microperthite there is often a narrow stretch of pale greyish brown, wedge shaped muscovite in crystals up to 
0.3 m long. The intermediate zone consists of very large partly kaolinised crystals of pale pinkish perthite with occasional lenses of 
massive white and rose quartz up to 0.6 m across, and a few pockets of coarse grained, wedge shaped muscovite. The wall zone 
comprises interlocking aggregates of quartz and perthite with sparse scattered plates of pale brown muscovite from 1.2 cm to 12 cm 
across.  
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APPENDIX B1: Major oxide compositions in K-feldspar determined with XRF, expressed in wt 
 
 
Note: 12/76 is secondary amphibolites reference standard 
 
Major 
oxide 
Sample 12/76 
M01 M02 M03 M04 M05 M06 M07 M08 M09 M10 M11 M12 M13 Certified Result 
SiO2 62.17 65.32 63.74 63.73 64.51 64.27 63.88 62.84 63.65 66.02 66.99 65.92 65.65 45.42 46.33 
TiO2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.01 0.01 0.09 1.54 1.57 
Al2O3 18.56 19.31 20.45 19.58 19.53 19.35 21.09 18.88 18.93 19.20 18.42 19.15 20.25 16.62 17.00 
Fe2O3 0.14 0.10 0.07 0.10 0.12 0.10 0.07 0.09 0.11 0.07 0.21 0.25 0.32 9.73 9.81 
MnO 0.008 0.004 0.003 0.005 0.007 0.005 0.005 0.007 0.006 0.006 0.012 0.008 0.032 0.180 0.179 
MgO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 8.15 7.75 
CaO 0.05 0.04 0.03 0.02 0.02 0.02 0.03 0.05 0.03 0.07 0.06 0.01 0.02 10.93 10.56 
Na2O 1.77 1.40 0.89 2.99 3.08 2.63 0.65 3.58 3.26 2.61 2.20 2.27 1.68 3.65 3.63 
K2O 15.93 13.97 13.97 12.35 12.10 12.85 13.34 12.72 13.15 12.31 12.13 12.28 12.29 0.70 0.69 
P2O5 0.089 0.084 0.025 0.725 0.632 0.410 0.044 0.162 0.102 0.054 0.052 0.099 0.276 0.259 0.269 
Cr2O3 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.074 0.074 
LOI 0.07 0.16 1.04 0.11 0.03 0.15 1.46 0.73 0.06 0.04 0.02 0.19 0.34 2.50 2.34 
                
Total 98.80 100.38 100.22 99.61 100.02 99.77 100.56 99.06 99.28 100.38 100.09 100.19 100.94 99.75 100.21 
                
H2O- 0.23 0.22 0.92 0.19 0.21 0.18 0.51 0.20 0.16 0.14 0.19 0.16 0.14 0.18 0.15 
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APPENDIX B 2: Trace element compositions in K-feldspar determined with XRF, expressed in ppm 
 
Note: GGS -1 is a soil reference standard from IGGS, China. 
 
Element 
 
Sample GSS-1 
M01 M02 M03 M04 M05 M06 M07 M08 M09 M10 M11 M12 M13 Certified Result 
As <4 <4 <4 13 13 4.6 <4 <4 <4 <4 <4 <4 <4 33.5 38 
Ba 492 169 1,807 62 62 26 163 51 21 166 1656 26 78 590 603 
Bi <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 1.17 <3 
Br <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 2.9 <2 
Ce <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 70 69 
Co <1 1.5 4.8 <1 <1 1.1 1.7 <1 <1 <1 <1 <1 1.4 14.2 15 
Cr <3 <3 <3 <3 3 <3 <3 <3 <3 4.4 6.7 6.2 4.1 62 58 
Cs 77 164 71 1052 691 112 51 35 44 24 13 74 37 9.0 <5 
Cu <2 <2 <2 4.3 3.1 <2 <2 <2 <2 <2 <2 <2 <2 21 20 
Ga 12 11 8.8 17 19 14 25 18 19 14 12 18 12 19.3 20 
Ge 8 6.8 4.7 12 11 13 6 5 5.9 2.9 3.3 7.3 5.7 1.3 <1 
Hf <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 6.8 11 
La <10 <10 <10 <10 <10 <10 <10 <10 <10 10 <10 <10 <10 34 46 
Mo <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 1.4 <2 
Nb <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1.9 1.3 8.1 16.6 16 
Nd <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 28 27 
Ni 5.1 5.3 2.5 29 28 9.2 5.6 2.5 5.7 3.3 3.6 7.4 3.9 20.4 23 
Pb 52 49 83 25 23 31 92 79 35 75 84 36 50 98 98 
Rb 1324 1531 790 8114 7831 2621 1702 965 1799 1037 800 1864 1103 140 152 
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APPENDIX B2: Trace element compositions in K-feldspar determined with XRF, expressed in ppm (continued) 
 
 
Note: GGS -1 is a soil reference standard from IGGS, China. 
 
 
 
 
 
 
 
 
Element 
 
Sample GSS-1  
M01 M02 M03 M04 M05 M06 M07 M08 M09 M10 M11 M12 M13 Certified Result 
Sc <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 11.2 13 
Se <1 <1 <1 1.4 1.4 <1 <1 <1 <1 <1 <1 <1 <1 0.14 <1 
Sm <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 5.2 <10 
Sr 32 20 97 14 14 8 33 9.4 5.9 66 180 4.2 11 155 163 
Ta <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 3.5 1.4 <2 
Th <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 4.7 <3 3.2 11.6 11 
Tl 8.5 11 6.1 74 67 19 11 7.2 12 8.3 6 15 9.9 1.0 3.2 
U 4.9 6.2 2.9 34 32 10 7.3 3.3 6.6 4.3 <2 <2 <2 3.3 3.7 
V <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 86 91 
W <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 3.1 3.1 
Y 2.7 2.7 2.2 48 44 6 3.7 1.4 2.7 2.2 5.1 11 6.6 25 27 
Yb <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 2.66 <3 
Zn <3 <3 5.2 6 5.6 3.2 <3 <3 <3 3.6 <3 <3 <3 680 694 
Zr <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 3.4 <2 <2 245 265 
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Appendix B3: Major oxide compositions in muscovite determined with XRF, expressed in wt %. 
 
 
Note: 12/76 is secondary amphibolites reference standard 
 
 
Major 
oxide 
Sample 12/76 
M14 M15 M16 M24 M17 M28 M18 M19 M20 M25 M21 M22 M23 M27 Certified Result 
SiO2 45.49 48.38 46.04 47.80 45.29 46.51 44.23 43.81 43.28 46.31 44.65 44.23 46.11 46.88 45.42 46.33 
TiO2 0.60 0.06 0.06 0.09 0.24 0.32 0.66 0.72 0.68 0.64 0.25 0.57 0.62 0.29 1.54 1.57 
Al2O3 32.64 32.98 34.68 33.60 32.96 33.23 30.46 31.89 31.23 31.57 33.35 32.15 32.68 33.16 16.62 17.00 
Fe2O3 4.99 3.85 3.53 3.85 4.98 4.45 10.56 6.07 7.55 5.54 5.05 5.01 4.71 4.84 9.73 9.81 
MnO 0.079 0.055 0.083 0.083 0.084 0.061 0.325 0.065 0.073 0.066 0.288 0.154 0.125 0.209 0.180 0.179 
MgO 1.14 0.60 0.49 0.53 1.04 0.74 0.80 1.05 1.04 1.04 0.18 1.02 0.96 0.36 8.15 7.75 
CaO 0.01 0.01 0.01 0.02 0.02 0.01 0.03 0.01 0.02 0.04 0.02 0.01 0.01 0.01 10.93 10.56 
Na2O 0.53 0.62 0.75 0.30 0.73 0.14 0.62 0.61 0.57 0.11 0.70 0.70 0.66 0.23 3.65 3.63 
K2O 10.35 9.46 9.95 9.35 10.30 10.20 9.51 11.04 11.05 10.10 10.40 11.08 10.06 9.89 0.70 0.69 
P2O5 0.010 0.025 0.035 0.033 0.027 0.006 0.021 0.007 0.018 0.010 0.012 0.009 0.010 0.008 0.259 0.269 
Cr2O3 <0.001 0.004 <0.001 0.004 0.006 0.001 0.033 0.004 0.021 0.006 <0.001 <0.001 0.002 <0.001 0.074 0.074 
LOI 4.29 4.17 4.45 4.78 4.22 4.35 3.26 4.13 3.70 4.63 4.69 4.23 4.43 4.56 2.50 2.34 
                 
Total 100.14 100.22 100.07 100.45 99.90 100.00 100.50 99.41 99.22 100.06 99.60 99.18 100.38 100.43 99.75 100.21 
                 
H2O- 0.51 0.54 0.48 0.48 0.24 0.39 0.36 0.14 0.49 0.58 0.61 0.36 0.19 0.52 0.18 0.15 
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Appendix B 4: Trace element compositions in muscovite determined with XRF, expressed in ppm 
 
 
Note: GGS -1 is a soil reference standard from IGGS, China. 
 
Element 
 
Sample GSS-1 
M14 M15 M16 M24 M17 M28 M18 M19 M20 M25 M21 M22 M23 M27 Certified Result 
As <4 4.1 6.7 11 4.1 <4 <4 <4 4.7 4.1 <4 <4 <4 6.7 33.5 38 
Ba 161 21 31 40 28 27 32 261 305 326 20 52 61 23 590 603 
Bi 4.7 <3 3.4 <3 <3 <3 <3 <3 <3 <3 <3 <3 3.1 3 1.17 <3 
Br <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 3 <2 2.9 <2 
Ce <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 70 69 
Co 5 1.6 1.7 4.6 3.4 5.5 6.5 3.5 5 7.4 <1 3.4 1.6 4.7 14.2 15 
Cr <3 15 <3 31 28 <3 200 4.6 112 34 <3 <3 <3 <3 62 58 
Cs 390 149 411 252 13 77 52 107 68 82 79 8.7 7.4 71 9.0 <5 
Cu <2 4.7 <2 <2 6.6 <2 39 2.4 18 2 <2 <2 <2 <2 21 20 
Ga 98 129 145 148 91 104 147 99 99 95 150 113 113 145 19.3 20 
Ge 7.9 7.9 9.1 10 4.4 6.9 6.1 3.5 2.8 3.2 7.3 3.8 2.8 6.8 1.3 <1 
Hf <3 <3 <3 <3 <3 <3 7.1 <3 <3 <3 3.6 <3 <3 <3 6.8 11 
La 12 <10 <10 <10 <10 <10 11 <10 18 <10 <10 <10 <10 <10 34 46 
Mo <2 <2 <2 <2 <2 <2 4.6 <2 2.4 <2 <2 <2 <2 <2 1.4 <2 
Nb 225 271 268 304 175 268 431 202 182 168 314 217 223 359 16.6 16 
Nd <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 28 27 
Ni 15 14 19 22 7.8 9.4 22 5.6 9.8 7.2 13 6.3 6.8 11 20.4 23 
Pb <2 <2 <2 <2 <2 <2 3.8 3.8 6.2 4.9 <2 5.4 4.5 2 98 98 
Rb 2815 3699 5478 5151 1679 2124 2722 1123 1009 922 3581 1772 1712 3116 140 152 
Sc 15 <3 <3 <3 <3 <3 22 7 6 12 <3 3.7 4.3 3 11.2 13 
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Appendix B 4: Trace element compositions in muscovite determined with XRF, expressed in ppm (continued) 
 
 
 
Note: GGS -1 is a soil reference standard from IGGS, China. 
 
 
 
 
 
 
 
Element Sample GSS-1 
M14 M15 M16 M24 M17 M28 M18 M19 M20 M25 M21 M22 M23 M27 Certified Result 
Se 4.2 1.7 2.6 2.9 1.3 1.7 2.2 <1 <1 <1 1.9 <1 <1 1.7 0.14 <1 
Sm <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 5.2 <10 
Sr 5.1 4.9 7.5 8.8 2.4 2.8 4.2 6.5 8.4 8.5 4.8 4.6 4.8 4.1 155 163 
Ta 248 60 115 126 23 64 95 55 47 45 65 29 32 65 1.4 <2 
Th <3 <3 <3 <3 <3 3.8 <3 <3 <3 4 <3 <3 <3 <3 11.6 11 
Tl 15 19 30 29 8.4 11 9.7 5.1 5.3 6.7 19 7.5 6 19 1.0 3.2 
U 11 14 23 2 6.1 <2 10 4.1 3.6 2.5 14 <2 <2 2 3.3 3.7 
V 79 10 8.2 23 3.2 43 69 108 120 129 4.5 9.4 12 5 86 91 
W 14 6.9 8.8 11 79 16 138 138 146 176 18 26 29 23 3.1 3.1 
Y 5.2 7.4 19 43 2.2 12 <1 <1 2.3 6.3 5.8 <1 <1 19 25 27 
Yb <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 2.66 <3 
Zn 114 157 240 237 95 60 126 52 46 53 582 191 122 430 680 694 
Zr <2 <2 <2 4.8 2.4 <2 9.1 <2 2.8 46 2 3.2 3 2 245 265 
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Appendix C 1: Mineral exports (tonnes) and monetary value (Malawi Kwacha) between 
2008 and 2010 
 
 2008 2009 
 
2010 
 
Product Quantity 
(tonnes) 
Value  
(Malawi 
Kwacha) 
Quantity 
(tonnes) 
Value  
(Malawi 
Kwacha) 
Quantity 
(tonnes) 
Value  
(Malawi Kwacha) 
Coal  3,500 19,600,000 6,830 27,293,000 15,500 122,699,932.00 
Uranium oxide 
(yellow cake)  
- - 58.58 2,967,000,000 726.008 17,246,053,165.09 
Granulated 
Clay 
7 023 34,412,700 4,830 41,036,098 1,020 5,353,000.00 
Ornamental 
stones 
332 1,640,000 167.8 3,927,600 435.9 13,861,901.00 
Rock 
aggregate 
- - 8,285 21,955,250 9,946.22 25,433,028.00 
Gemstones 11.9 34,760,000 186.95 215,458,905 122.967 372,859,987.37 
Rock/soil 
samples 
- - -                       - 16.43             725,000.00 
 
Source: DOM, 2011 
 
Appendix C2: Formal employment in the mining sector in 2010 
Sub-Sector Work force 
Coal                  907 
Uranium Mine 859 
Cement Limestone                90 
Agricultural,Calcitic and Hydrated Lime         1640 
Quarry Aggregate production        12030 
Cement manufacturing           511 
Gemstones/Mineral Specimens.  1260 
Ornamental Stones       46                 
Terrazzo   1340 
Other Industrial Minerals 2144 
Exploration activities 195 
Total 21,022 
 
Source: DOM, (2011) 
 
